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THE SOYBEAN RETROELEMENT, SIRE-1, ENCODES AN ENVELOPELIKE PROTEIN - SIRE-1 IS AN ENDOGENOUS, PRORETROVIRUS-LIKE
GENOMIC ELEMENT

SIRE-1 (Soybean Interspersed Repetitive Element 1) is a relatively homogeneous
collection of several hundred, large, dispersed DNAs found in soybean that are closely
related to the Tyl/copia group ofretrotransposons (Laten & Morris, 1993). Members of
this family are at least 13 kb long and constitute at least 0.5% of the soybean genome.
Recently a truncated 2.4 kb SIRE-1 fragment was recovered from a soybean cDNA
library and sequenced. This 2.4 kb clone contained about 200 base pairs (bp) of the 5'
long terminal repeat (LTR), a tRNA primer binding site, and a 617-codon open reading
frame coding for a gag-prot-like polyprotein containing characteristic motifs commonly
found in retroelement nucleocapsids (Bi & Laten, 1996). In the present study, a soybean
A. genomic library (Stratagene) was probed for SIRE-1 members using the gag fragment

as probe and a full-length copy of the SIRE-1 element was recovered. DNA was isolated
from one positive clone. Data from several single and double digests indicated that the
cloned insert is about 23 kb. Southern hybridization performed on the double digests
using an end-labeled, LTR-specific probe, showed the presence of two bands that
hybridized to the probe, suggesting the presence of both SIRE-1 LTRs in the clone.
Preliminary DNA sequence (one strand) has been completed of a sub-clone containing a
4.2 kb Xba/ fragment from the genomic insert. This 4.2 kb sub-cloned insert contains
3.7 kb from the 3'end of SIRE-1 and about 538 bp of a presumably single-copy flanking
iv

DNA. Sequence analysis and translation of the SIRE-I part of the element produced 2
ORFs. ORFl is truncated at its 5'end, but its 62 amino acid peptide sequence bears
striking similarity to the 3'end of the Rnase H region of the copia element from
Drosophila melanogaster ( 74% sequence similarity and 54% sequence identity). ORF2
is 580 codons in length. The protein encoded by ORF2 shows structural characteristics
such as signal peptide, anchor sequence, fusion peptide, proteolytic cleavage site, prolinerich domain, and putative N and 0-linked glycosylation sites that are typical of the
envelope proteins of retroviruses. ORF2 is located in a position analogous to the
retro viral env gene. Other characteristic structural features found in both retroviruses
and LTR-retrotransposons such as promoter consensus sequences, a polyadenylation
signal, and a polypurine tract used in the synthesis of retroviral plus strand are present in
the appropriate locations. To date retroviruses have only been characterized in vertebrates
and fruit flies. Our data strongly suggest that SIRE-I is an endogenous retrovirus-like
element with a TyI/copia- like genomic organization and is the first retrovirus-like
element to be discovered in plants.

v

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ............................................................................................... iii
ABSTRACT ....................................................................................................................... iv
LIST OF FIGURES ......................................................................................................... viii
Chapter
I

INTRODUCTION ............................................................................................. 1

IL MATERIAL AND METHODS ....................................................................... 15
1. Plant DNA Preparation .................................................................... 15
2. Probe Preparation............................................................................. 15
3. Screening the Soybean Genomic Library ........................................ 16
4. Characterizing the 'ASIRE-gl Clone and Determining the Size
of the Insert (SIRE-gl) .................................................................. .20
5. Subcloning SIRE-gl in Plasmid Vector pSportl . ............................ 24
6. Identification of Colonies containing Recombinant Plasmids ......... 25
7. Isolating Plasmid DNA Containing the Insert ................................. 26
8. PCR Analysis ...........................•....................................................... 27
9. DNA Sequence Determination........................................................ .27
10. Sequence Analysis ......................................................................... 28
11. Determining the Presence of the Env-like Gene in the
SoybeanGenome ............................................................................ 28

vi

III. RESULTS ........................................................................................................ 29
1. Screening Soybean Genomic Library .............................................. 29
2. Characterizing the Clone and Determining the Size of the Insert
(SIRE-gl) . ...................................................................................... 29
3. Detecting the Presence ofLTRs ....................................................... 30
4. Subcloning of SIRE-g/ ..... ................................................................ 39
5. Determing the Orientation of the LTR inpSIRE-X-4.2 ................... 39
6. Sequence of the Subcloned pSIRE-X-4. 2 ....................................... .49
7. Presence of the Env gene in the Soybean Genome .......................... 68
IV. DISCUSSION .................................................................................................. 75
REFERENCES .................................................................................................................. 95
VITA ................................................................................................................................ 101

vii

LIST OF FIGURES
Figure

Page

1. Maj or types of retroelements .................................................................................. 5
2. Retrotransposition mechanism ofretroviruses and LTR retrotransposons .......... 11
3. Primers used in the PCR reactions and for probe preparation .............................. 17
4. Map of the lambda Fix II replacement vector (Stratagene) ................................. .22
5.

a) Agarose gel electrophoresis (AGE) of digested ASIRE-gl clone ............. .31
b) Southern hybridization of the ASIRE-g1 digest.. ....................................... .31

6.

a) Restriction digest analysis of DNA from ASIRE-gl ................................... 33
b) Southern hybridization of the gel depicted in figure 6a ............................. 33

7. Determining the size of SIRE-gl . ....................................................................... .35.
8.

a) Detecting the presence of the LTRs in my clone ...................................... .37
b) Southern hybridization of the gel from figure 8a ...................................... .3 7

9. Mini-prep analysis of white colonies from cloning ............................................. .40
10.

a) Characterization of pSIRE-X-4.2 subcloned DNA ................................... .42
b) Southern hybridization analysis of the gel in figure 10 using the LTR
oligonucleotide probe ........................................................................... 42

11.

Diagrammatic representation showing the two possible orientations of the
LTR region in the pSIRE-X-4.2 subcloned DNA ...................................... .44

viii

12.

PCR analysis ofpSIRE-X-4.2 subcloned DNA to determine the
orientationof the LTR ................................................................................ 46

13.

Nucleic acid sequence of the pSIRE-X-4.2 subcloned DNA ........................... .50

14.

List of primers used in the sequencing reactions ............................................. 54

15.

The deduced amino acid sequence ofORFl, ORF2, ORF3 and ORF4 ........... 56

16.

Sequence comparison of the Env-like Region of the 4.2 kb subcloned
fragment with some surface glycoproteins ................................................ 60

17.

Sequence comparison of the LTR sequence from the 4.2 kb subcloned
SIRE-I element with the LTR sequence derived from the 2.4 kb SIRE1 cDNA clone sequenced in earlier studies in our lab (Bi & Laten,
1996) .......................................................................................................... 63

18.

Comparison of the protein encoded by ORF3 that lies between ORF2
and the 5' terminus of the 3' L TR with other proteins in the data base ...... 66

19.

Diagrammatic representation of the different coding domains in the
pSIRE-X-4.2 subcloned DNA .................................................................... 69

20.

a) AGE of digested soybean DNA from the strain Lincoln and ASIRE-gl
DNA ....................................................................................................... 71
b) Southern hybridization of the digest to detect presence of the env gene .... 71

21.

a) AGE of digested soybean DNA from the strain Richland ......................... 73
b) Southern hybridization of the digest to detect presence of the env gene .... 73

22.

TMpred (prediction of transmembrane region and orientation
program)graphic output for ORF2 ............................................................. 77

23.

NNPREDICT (prediction of secondary structure amino acid sequence)
computer query output for ORF2 ............................................................... 83

24.

Comparison of the genomic organization of SIRE-I with that of other
LTR retroelements ..................................................................................... 88

25.

Unrooted phylogenetic tree ofretroelements ................................................... 91

CHAPTER I
INTRODUCTION

SIRE-I (Soybean Interspersed Repetitive Element 1) is a relatively homogeneous

collection of several hundred, large, dispersed DNAs found in soybean that are closely
related to the TyI/copia group ofretrotransposons (Laten & Morris, 1993). This study
was focused on cloning and sequencing part of a genomic copy of the SIRE-I element.
Transposable elements were first discovered in maize (Zea mays) by Barbara McClintock
over fifty years ago (cited in Tebbutt & Lonsdale, 1993; Grandbastien, 1992; Gierl et al.,
1989). Transposable elements are defined as DNA sequences that are able to move and
insert themselves at different places within a genome, thereby affecting the function of
the genes with which they become associated (Grandbastien, 1992). Consequently these
elements are a source of spontaneous mutations in organisms (Collins & Anderson,
1994). They have been isolated from a wide range ofprokaryotic and eukaryotic species,
and thus are considered to be natural components of most genomes (Biemont, 1992; Gierl
et al., 1989).
Transposable elements are grouped into two classes based on structure and their
mode of propagation. The first comprises elements bounded by terminal inverted repeats
(TIRs) that are attached to a region encoding functions necessary for transposition. These
transposable elements move by a direct DNA-DNA mechanism, mainly by excision and
re-integration at a new location (Grandbastien, 1992; Finnegan, 1989; Gierl et al., 1989).
The second class of transposable elements, commonly referred to as retroelements,
include non-infectious retrotransposons and retroposons, and infectious retroviruses.
Retroelements transpose via integration of copies generated by reverse transcription of a
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transcribed RNA intermediate (Grandbastien, 1992; Finnegan, 1989; Gierl et al., 1989).
The non-infectious elements are structurally diverse but can be divided into two major
groups: retrovirus-like elements flanked by long terminal repeats (LTR retrotransposons),
and non LTR retroposons terminating in a poly(A) tract of variable length (Robin &
Samuelson, 1993; Gierl et al., 1989). The L TR retrotransposons fall into two distinct
sub-groups based on the well characterized yeast and Drosophila elements. The

Tyllcopia group and the Ty3/gypsy group differ in the order of their enzyme-encoding
regions (see Figure I) and can be differentiated by the amino acid sequences of strongly
conserved regions (Grandbastein, 1992; Flavell et al., 1992; Voytas & Boeke, 1993).

Retrotransposons

The first Tyl/copia-like retrotransposon family member to be described in plants
was Tai of Arabidopsis thaliana (Voytas & Ausubel, 1988). Other element families in
this class have subsequently been characterized and include Tnt 1 from tobacco
(Grandbastien et al., 1989), Bsl from maize (Jin & Bennetzen, 1989), Wis-2 from wheat
(Murphy et al., 1992), and Tstl from potato (Camirand & Brisson, 1990). Copia-like
retrotransposons have also been identified in cotton (V anderwiel et al., 1993) and barley
(Manninen and Schulman, 1993). The sequence characterization of these elements led to
the identification of two conserved reverse transcriptase regions shared by these elements.
Denegerate oligonucleotides based on these sequences were used to create primers for a
polymerase chain reaction (PCR) assay to amplify plant reverse transcriptase genes.
Studies using this PCR assay have shown that copia-like elements are ubiquitous in
plants, having been detected in algae, bryophytes, pteridophytes, gymnosperms, and
angiosperms (Flavell et al., 1992; Voytas et al., 1992).
Unlike the copia group, few Ty3/gypsy-like elements have been detected in plants.
The only well known examples of this group are dell ofLilium henryi (Smyth et al.,
1989), and IFG7 of Pinus sativum (Grandbastien, 1992). A gypsy-type retrotransposon
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has been recently isolated and characterized from the fungal tomato pathogen
Cladosporium fulvum (McHale et al., 1992).
Retrotransposons can accumulate to high copy numbers in plant genomes, but the
number varies between taxa (Grandbastien, 1992; VanderWiel et al., 1993). The tobacco
Tntl and the wheat Wis-2 elements are found in several hundred copies, while the dell
copy number in lily is as high as 13,000 (Grandbastien, 1992). Non-LTR retroposons do
not contain LTRs and terminate in an poly A tail. LINEs (long interspersed repeated
elements) are the best known non-LTR retroposons. They have open reading frames with
similarities to LTR retroelement reverse transcriptase and the Rnase H genes, and some
sequence similarity to retroviral gag genes (Grandbastien, 1992). The Cin4 element of
maize (Schwarz-Sommer et al., 1987) and del2 of Lilium speciosum (Leeton & Symth,
1993) belong to this group.

Retroviruses

Retroviruses comprise the second group of LTR retroelements and share certain
structural similarities with retrotransposons. The major difference between retroviruses
and retrotransposons is that the retroviruses are potentially infectious in nature,
possessing the ability to move from one host cell to another. Retroviruses can be divided
into two groups depending on their mode of transmission. Retroviruses that are
transmitted primarily by horizontal infection, from one individual to another, are called
exogenous retroviruses. These exogenous retroviruses have the potential to cause
diseases in their hosts. Examples of these viruses include the human T-cell leukemia
viruses (HTLV -1 and 2) and the human immunodefeciency viruses (HIV-1 and 2) the
causative agents of AIDs (Umovitz and Murphy, 1996). Retroviruses that are transmitted
primarily vertically from parent to offspring, in the form of integrated proviruses in germ
line cells are called endogenous retroviruses. Endogenous retroviruses are not infectious
in the host species of origin, but are capable by unknown mechanisms of infecting cells of
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other species (Schupbach, 1989). Most of the endogenous retroviruses have been
detected in humans by their partial sequence relatedness to animal retroviruses (cited in
Lower et al., 1993). Examples of endogenous retroviruses found in humans include
HERVs (Tassabehji et al., 1994), the RTVL-H family (Goodchild et al., 1993), ERV-3
(Boyd et al., 1993), and HIV-1 related endogenous viruses, EHS-1 and EHS-2 (Horwitz
et al., 1992).

Genomic Structure of Retroelements

The overall structural organization of retroelements is shown in Figure 1. The

Tyl/copia and the Ty3/gypsy group ofretrotransposons have LTRs at their ends and
contain gag and pol coding regions. The gag region encodes structural proteins of the
virion core, prof encodes a protease that cleaves primary translation products; reverse
transcriptase (RT), ribonuclease Rnase H (RH), and intergrase (Int)[sometimes referred
to as endonuclease] are necessary for integration into the host genome (Grandbastien,
1992).

The basic structure of retroviruses is similar in many ways to retrotransposons,

the major difference being that retroviruses contain an envelope (env) region in addition
to the gag and pol regions, which makes the viruses potentially infectious (Grandbastien,
1992; Eickbush, 1994; Kim et al., 1994; Varmus & Brown, 1989). The PR-RT-RH-Int
arrangement in gypsy-like retrotransposons is identical to animal retroviruses
(Grandbastien, 1992; Sandmeyer et al., 1990). In the copia-like retrotransposons the
order is PR-Int-RT-RH (VanderWiel et al., 1993; Grandbastien, 1992; Voytas et al.,
1992; Sandmeyer et al., 1990). Computer generated evolutionary trees place the
retroviruses adjacent to the gypsy/Tyl branch of the retroelement tree (Eickbush, 1994).

5

Figure 1. Major types of retroelements.
Overall organization of (A) a retrovirus, the avian leukosis. (B) a retrotransposon, the
yeast Tyl element. (C) a retrotransposon, the Drosophila gypsy-like element, and (D) a
non-LTR retroposon, the mammalian LINE-like element. Open reading frames are
depicted by clear boxes. The gag gene encodes structural proteins of the virion core; the
env gene encodes a structural envelope protein, necessary for cell to cell movement; prof,
protease involved in cleavage of primary translation products; RT, reverse transcriptase;
RnaseH, ribonuclease; endo, endonuclease necessary for integration in the host genome;
LTR, long terminal repeats containing signals for initiation and termination of
transcription, and bordered by short inverted repeats (IRs); PBS, primer binding site,
complementary to the 3' end of a host tRNA, and used for synthesis of the first (-) DNA
strand; PPT, polypurine tract used for synthesis of the second(+) DNA strand; DR, short
direct repeats of the host target DNA, created upon insertion. This figure is adapted from
reference (Grandbastein, 1992) with a small modification.
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The long terminal repeats (LTRs) of retroviruses are several hundred base pairs
in length and the gag, pol, and env regions are transcribed from one promoter located in
the upstream LTR. These three regions encode the structural proteins of the
nucleocapsid, catalytic proteins required for replication and integration, and envelope
proteins of the virus, respectively (Eickbush, 1994; Kim et al., 1994; Varmus & Brown,
1989).
Gag Gene Products

The gag region encodes a polyprotein that is processed into three low molecular
weight structural proteins that are the major proteins of the intracellular virion: MA, CA
and NC. The nucleocapsid contains a highly conserved amino acid sequence with
cysteine and histidine residues (CX2CJ4HJ4C). This sequence is located near the
COOH- terminus of the polyprotein and is responsible for association of this protein with
the element RNA. In retroviruses, the matrix protein (MA) is acylated (usually
myristy lated), is about 15 to 20 kDa in size, and is localized to the region between the
nucleocapsid and the viral envelope. The capsid (CA) protein is the major structural
component and is the dominant antigen of the virus. It ranges in size from 24 to 30 kDa.
The nucleocapsid (NC) is a small protein of about 10 to 15 kDa, and has the cysteinehistidine motif described above. It binds tightly to the virion RNA in the nucleocapsid
(Eickbush, 1994; Varmus & Brown, 1989).

Pol Gene Products

The pol region of retroviruses encodes a polyprotein that contains the catalytic
components of virions. These include protease (PR), an aspartate protease about 15 kDa
in size, involved in the cleavage of the polyprotein; reverse transcriptase (RT), a protein
that ranges in size between 50 to 95 kDa with a RNA- or DNA-directed DNA
polymerase activity in its amino-terminal region and a Rnase H (RH) activity in its
carboxy-terminal, responsible for synthesis of viral DNA; and integrase (Int), a protein of
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32 to 46 kDa that is involved in the integration of the double-stranded DNA
intermediate made from the RNA transcript into the chromosomes of the host cell
(V armus & Brown, 1989). The pol region of the various retroviruses is either in a
different reading frame from the gag region or in the same frame as the gag region
separated by a termination codon. The pol region does not have its own initiation codon
and expression of this region in retroviruses depends on either frame-shifting between the

gag and pol regions during translation or readthrough of the gag termination codon
(Eikbush, 1994).

Env Gene Products
The third region in retroviruses, env, encodes two proteins, an external,
glycosylated, hydrophilic protein called the surface protein (SU) and a transmembrane
protein (TM) that is usually, but not always, glycosylated, and contains a cytoplasmic
carboxy-terminal tail. SU interacts with host cell receptors mediating virus entry and TM
mediates fusion between the viral and host cell membranes. SU is the antigen recognized
by most neutralizing antibodies. It is a large protein that ranges in size from 46 to 120
kDa whereas TM is smaller and ranges in size from 15 to 37 kDa. Both these proteins
are translated from an mRNA that is cleaved by a splicing reaction in which the gag and

pol gene sequences are removed from the full length RNA transcript (Eickbush, 1994;
Fontenot et al., 1994; Hunter & Swannstrom, 1990; Varmus & Brown, 1989 ).
Recently, studies with different human retroviruses have shown that retroviruses
also encode other proteins besides the products of the gag, pol, and env genes. The
coding regions for these other proteins are located downstream of the env region. These
proteins are synthesized from alternatively spliced RNAs and are known to play major
roles in proviral expression and the viral life cycle (Eickbush, 1994; Hunter &
Swannstrom, 1990; V armus & Brown, 1989 ).

9

Retroviral Replication Cycle

The retroviral life cycle begins with the entry of the virus particle which contains
two identical copies of single stranded genomic,RNA, into susceptible host cells.
Infection starts with the envelope glycoprotein attaching to the host transmembrane
receptor, followed by entry of the virus into the cells by endocytosis or plasma membrane
penetration. The extracellular enveloped particle then gets converted into an
intracytoplasmic nucleoprotein complex. The next step involves reverse transcriptase
mediated synthesis of double stranded DNA from single stranded viral RNA. A full
length RNA transcript beginning in the left LTR and ending in the right LTR gets
translated yielding the gag and pol protein products. Reverse transcription of this RNA is
primed by a host tRNA. Priming starts at the 3' end of the tRNA which binds to viral
RNA sequences immediately downstream from the 5'L TR. Presence of identical
sequences at both the 5' and the 3' ends of the RNA template enables the reverse
transcriptase to undergo strand transfer to the 3' end of another mRNA molecule. This
process results in formation of the negative strand DNA. The RNA component of the
synthesized RNA:DNA duplex is removed by the Rnase H domain of the polymerase. A
polypurine tract present immediately upstream from the 3' LTR serves as the origins of
the plus-strand DNA synthesis. The resulting double-stranded linear DNA with the LTRs
at either end then migrates to the nucleus of the cell, where the integrase, bound to the
LTR sequences, makes a staggered cut in the chromosomal DNA and covalently joins the
ends of the linear intermediate to the chromosomal DNA. After integration the retrovirus
becomes a provirus, a stable component of the host genome and is passed on to all
daughter cells (Figure 2) (Schupbach, 1989; Eickbush, 1994; Varmus & Brown, 1989).
The proviral genome is expressed in a similar manner to host cell genes.
Retroviruses and LTR retrotransposons use their LTRs to initiate and terminate
transcription of the RNA template. RNA synthesis begins in the 5'L TR and terminates in
the 3'LTR. In human retroviruses, ORFs that exist between the env region and the 3'LTR
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code for regulator proteins called trans-acting transcriptional activators (tat) that bind to
the LTRs to regulate transcription. The primary product of transcription is a full-length
RNA subunit which is used in two different ways. About half of these primary
transcripts serve as genomic RNA subunits that are packaged in virions, and the other
half, after one or more splicing events, is translated into viral proteins. The gag and gagpol products are synthesized from unspliced mRNA while the proteins of the env gene are

translated from a 4.0 kb spliced mRNA (Schupbach, 1989). Synthesis of these viral
proteins is followed by modification of the protein products, assembly of viral
nucleoprotein cores, and budding through the plasma membrane at sites enriched with
viral glycoproteins to form extracellular virus particles (V arm us & Brown, 1989).

Retroelements in Invertebrates Possessing an Env-like ORF

Retroviruses are considered to be restricted mainly to vertebrates. However,
retrovirus-related transposable elements (L TR retrotransposons) are considered to be
extremely common and the most widespread type of transposon found in the genome of
many eukaryotes including vertebrate and nonvertebrate animals, higher plants, and fungi
(Kim et al., 1994; Flavell et al., 1992a). To date gypsy, a 7.5 kb retroelement of
Drosophila melanogaster (Kim et al., 1994), and the tom retroelement of Drosophila
ananassae (Tanda et al., 1994) are the only non-vertebrate elements that have an

envelope-like ORF downstream of pol. The gypsy element was capable of infecting flies
in vitro, but the products of ORF3 do not show any significant similarities to retroviral
env genes. This ORF3 only has structural characteristics oftransmembrane polypeptides.

However, the tom element of Drosophila has a complete ORF3 that encodes a protein
with structural characteristics such as a signal peptide, glycosylation sites, endopeptidase
cleavage site, and fusion peptide that are typical of the envelope proteins of retroviruses.
This protein is the product of a spliced RNA resulting from the fusion between the amino
terminal region of

11

Figure 2. Retrotransposition mechanism of retroviruses and L TR retrotransposons.
The RNA template is depicted by a wavy line, with the terminal redundancy indicated by

boxed arrows. First- and second-strand synthesis involves strand transfers between the
ends of the RNA template. First-strand synthesis is shown as an intramolecular reaction
to simplify the drawing, but at least for retroviruses, is an intermolecular reaction. The
result of the first- and second-strand synthesis is a linear double-stranded DNA molecule.
The integrase binds to the LTR sequence at the ends of this linear molecule, cleaves a
target site on chromosomal DNA and inserts the linear intermediate. Adapted from
Eickbush (1994).
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ORFl(gag) and ORF3 and is translated into two proteins that are detected by antibodies
against tom ORF3 in the ovaries of female flies (Tanda et al., 1994). Retroelements 297
and 17.6 from the Drosophila melanogaster also contain an additional ORF in the
position equivalent to the env gene ofretroviruses but ORF3 of these elements do not
share structural similarities with ORF3 ofretroviruses (cited in Tanda et al., 1994).

The soybean retroelement, SIRE-1
SIRE-1 (Soybean Interspersed Repetitive Element 1) is a relatively homogeneous

collection of several hundred large, dispersed DNAs found in soybean (Laten & Morris,
1993). Initially a 776-bp subregion of the SIRE-1 family was sequenced from soybean
(Glycine max). This fragment exhibited DNA sequence similarity to Tai and Tyl, copialike retrotransposons from Arabidopsis thaliana and Saccharomyces cerevisiae,
respectively (Laten & Morris, 1993). Members of SIRE-1 are at least 13 kb in length and
constitute at least 0.5% of the soybean genome. Recently a 2.4 kb SIRE-1 fragment was
recovered from a soybean cDNA library and sequenced. Its ORFl codes for gag-protlike polyprotein and contains two copies of a motif found in retroelement nucleocapsids a CX2CX2HX4C motif and LDSG motif found in aspartic proteases (Bi & Laten, 1996).
The goal of this study is to clone and sequence part of a genomic copy of the
SIRE-1 element. A soybean 'A genomic library (Stratagene) will be probed for SIRE-1

members using the gag fragment (Bi & Laten, 1996) as a probe. Positive plaques will be
recovered, rescreened and purified (Sambrook et al., 1989). DNA isolated from these
clones will be digested with Not 1 to excise the insert band from the lambda arms, and the
inserts fractionated by agarose gel electrophoresis (AGE). Clones with the longest inserts
will then be digested with selected restriction enzymes, fractionated by AGE to establish
a consensus map and a southern hybridization will be performed using a LTR-specific
probe (Bi & Laten, 1996) to identify clones containing the unique terminal fragments.
One of the clones containing the LTR will be subcloned and then sequenced. The
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sequence will then be compared to other retroelement sequences from the Genbank and
EMBL databases to identify retroelement-specific motifs.

CHAPTER II
MATERIALS & METHODS

1. Plant DNA Preparation

Soybean seeds (Glycine max cv Williams, Richland, Lincoln, Mandarin, and
Manchu ) were planted in vermiculite and grown in the growth chamber at room

temperature for about 14 days. No nutrients were provided except for water. Twenty
grams of primary fresh leaves were harvested and frozen immediately in liquid nitrogen.
DNA isolation was then performed using hexadecyl-trimethylammonium bromide
(CTAB) (Doyle, 1990).

2. Probe Preparation

A Gag probe
The gag probe was made from purified pGm40 DNA which contains the 776 gag
fragment from soybean cloned into pUC18 prepared as described (Laten & Morris, 1993).
PGm40 was radioactively labelled with 32p using the multi-prime DNA labelling system
(Amersham).

B. LTRprobe
Sequence information from the 200 bp 5'LTR of the 2.4 kb SIRE-I cDNA clone
(Bi & Laten, 1996) was used to generate two oligonucleotides:
(primer 1) 5'-CCGGTCCCTGGCTTGGTAGCCCCCAGATGTAGG-3',
(primer 2) 5'CCCAGTTCGGTGCAACCTCACCTACATCTG-3' as shown in Figure 3a.
These two oligonucleotides were radioactively labelled with 32p by phosphorylation
15
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using bacteriophage T4 polynucleotide kinase and purified by precipitation with ethanol
(Sambrook, 1989).

C. ORF2 probe
The env-like region from the 4.2 kb subcloned SIRE-I-like DNA was amplified
by the polymerase chain reaction (PCR) (Sambrook et al., 1989) using the following two
oligonucleotides: (primer 5) 5'-AGCGCGTTCTCTACTGGGCC-3' and
(primer 6) 5'CCTAGGACTTGT TGCAATGCTA-3' as shown in Figure 3c. These
primers were designed based on sequence information from the 4.2 kb subcloned SIRE-1like DNA (pSIRE-X-4.2) (Figure 13 in the results section). The PCR reaction products
were fractionated by electrophoresis on a 1.2% agarose gel. A 376 bp band was obtained
as expected from the PCR reaction. The amplified DNA was labelled with 32p using a
multi-prime labelling system (Amersham).

3. Screening the Soybean Genomic Library

A soybean genomic library purchased from Stratagene was screened with the gag
probe by plaque hybridization (Sambrook et al., 1989). Four 100 x 15mm NZY plates
(Stratagene protocol on the soybean genomic library, 1993), each containing
approximately 2500 plaques, were screened as recommended by Stratagene. The phage
were transferred to GeneScreen Plus membranes. Prehybridization was performed at
40°C overnight with 50% formamide, 1% SDS, IM NaCl, 0.05M Tris-HCl pH 7.4, 1 ml
BLOTTO, 100µ1 of 50 µg/ml of denatured herring sperm DNA in a total volume of 20
ml. The probe was heated for 2 minutes in a boiling water bath, chilled on ice, and then
added to the prehybridization solution. The membrane was then hybridized overnight at
40°C. After hybridization, the membrane was washed twice in 2X SSC (20X SSC= 3 M
NaCl
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Figure 3. Primers used in the PCR reactions and for probe preparation.
Part (A) shows the two primers - primer 1 (underlined) and primer 2 (overlined) designed
based on sequence information of the 2.4 kb SIRE-1 specific cDNA which contains
nearly 200 bp of a putative 5'L TR just upstream of a minus-strand primer binding site (Bi
& Laten, 1996).

Part (B) is a diagramatic representation of the cloning vectorpSPORTJ with the 4.2 kb
insert. Primers 3 and 4 were designed based on sequence information close to the mutiple
cloning sites of the pSPORTJ vector.
Part (C) shows the two primers - primer 5 (underlined) and primer 6 (underlined)
designed based on sequence information of ORF2 from the 4.2 kb subcloned DNA in this
study. The arrows show the direction of the primers.
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(q
201

TTATCTGAAC GTGCTTAAAC GTTAATAGCG CGTTCTCTAC TGGGCCAAAA
~ ~ ~ primer 5 ~ ~

251

CAAATTCGAC CGTTGCTTCA CACGTCCCTC TACATTCCTC ATTCAAACTC

301

ATATTTTCGT GGTAATCTCG TTTTCAGCAT TCCCCAACAG CTCTCAGAGA
'

351

TTTACGAAAC CATTCCAAAG GCTCTGCTTC TCCATGGCTA CCTCACCAAA

401

AGATACTTCA TCTCCTGGTT CACCCTCTGT AC CAT CAT CT CCATCATCCA

451

CCAAAGCACC ATCAAACCAG GAACAACCTG AATTCCATAT CCAACCCATA

501

CAAATGATTC CTGGTCTAGC CCCTGTTCCT GAGAAACTGG TCCCCATAAG

551

ACAACAGGGA GTGAAGATTT CTGAAAACCC TAGCATTGCA ACAAGTCCTA
+--- +--- primer 6 +--- +---

601

GGGAATTGAC ACGGGAGATG GATAAGAAGA TCCGCAGTAT TGTGAGTAGT
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and 300rnM sodium citrate, pH 7) for 10 minutes at room temperature, twice in 2X
SSC, 1.0% SDS at 65° C for 30 minutes and twice at O. lX SSC for 30 minutes at room
temperature. Positive plaques were visualized by autoradiography. Plaques giving strong
signals were further purified with successive rounds of screening using the same
hybridization and washing conditions until all the plaques on a plate gave a positive
signal.

4. Characterizing the /..SIRE-gl Clone and Determining the Size of the Insert

(SIRE-gl)
A. Isolating DNA from liquid phage lambda cultures.
A liquid culture method for phage lysate preparation was used (Burmeister ,
personal communication). A fresh culture ofXL-1 BLUE MRA was prepared as
described (Stratagene). Ten µl of a purified plaque suspension was streaked on a NZY
plate and covered with top agar containing the bacteria supplemented with 10 rnM Mg2+.
The plates were incubated overnight. A single plaque was picked, placed directly into
200 ml of LB (1% bacto-tryptone, 1% NaCl, 0.5% bacto-yeast extract)+ lOrnM MgCl2
and incubated at 37° C with vigorous shaking overnight. The next day a few drops of
chloroform were added, the bacterial debris precipitated, and phage DNA isolated using
the mini-prep isolation process described in the Promega Protocols & Application Guide
(March, 1991). To remove all contaminating RNA, the purified DNA was then treated
with 100 µg/ml DNase-free RNase A for 30 min at 37°C. The DNA was extracted twice
with one volume of TE (lOmM Tris-HCl, pH 7.6, lmM EDTA pH 8.0)-saturated
phenol/chloroform, followed by one volume of chloroform. The DNA was precipitated
by adding 2 volumes of 100% ethanol and the pellet was washed with 70% ethanol. The
pellet was dried for 1 hour at room temperature and redissolved in TE buffer to a final
concentration of 2 mg/ml. Lambda DNA containing the SIRE-1 insert was isolated from
one positive clone, A.SIRE-gl.
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B. Restriction mapping of MIRE-gl and determining the size of the insert
DNA, SIRE-gl
Initially 1 µg of A.SIRE-gl DNA was digested with 10 units of Not] in a total
volume of 20 µlat 37° C for 2 hours. The Lambda Fix II vector has unique Not sites
flanking the insert (Figure 4). This permits the excision from the lambda arms (one arm
is 20 kb and the other arm is 9 kb in size) of insert DNA plus the flanking T3 and T7
promoter sequences. The digested DNA was electrophoresed on a 0.7% agarose gel.
Southern hybridization was then performed by blotting the DNA from the gel on to a
GeneScreen Plus membrane, prehybridizing and hybridizing using the gag probe under
the same conditions as above to confirm that the insert contained SIRE-I. Results from
the Not] digest indicated that the gag region of SIRE-I was contained on a large 23 kb
insert. Additional digests were performed using mainly enzymes that did cut in the
lambda vector. One µg of A.SIRE-gl DNA was digested with 10 units each of the
restriction enzymes EcoRI, Sall, Sac!, Xhol and Xbal. A few double digests were also
performed using EcoRI, Hpal, Kpnl, and Pstl in different combinations with EcoRI, Sall,

Sacl andXba. The digested DNA samples were electrophoresed on 0.7% agarose gels and
stained with ethidium bromide to visualize the bands. Southern hybridization analysis
using both the amplified gag and the end-labelled L TR probes were performed as above.
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Figure 4. Map of the the Lambda Fix II replacement vector (Stragene).
The cloning region of the vector is flanked by T3 and T7 bacteriophage promoters. The
unique Not/ sites flanking the the two RNA promoters permits the excision of the insert
DNA plus the promoters from the two lambda arms (one arm is 20 kb and the other arm
is 9 kb in size).

23

0

l

,

0

:s

! I

I

A -------- J

Ul

I

(ninL.44)~blo-+

(1<H54) (nin5)

24

5. Subcloning SIRE-gl in Plasmid Vector pSPORTJ
A. Preparation of SJRE-gl insert and dephos.phorylated vector
Two hundred ng of ASIRE-gl DNA was digested in two separate reactions one with I 0 units of Xba!, and a second double digest with I 0 units each of Kpnl and

Sacl in a total volume of20 µlat 37° C for I

112

hours. After digestion, the DNA was

extracted twice with one volume of TE-saturated phenol/chloroform, followed by one
volume of chloroform. The DNA was precipitated by adding 2 volumes of I 00%
ethanol and the pellet was washed with 70% ethanol. The pellet was dried for 20
minutes at room temperature and redissolved in TE buffer to a final concentration of I 00
µg/ml.
Two hundred ng of pSPORTJ (Gibco BRL) was digested in two separate
reactions - one with I 0 units of Xbal, and a second double digest with I 0 units each of

Kpnl and Sacl in a total volume of20 µlat 37° C for I

112

hours. After digestion, the

DNA was extracted twice with an equal volume of TE-saturated phenol/chloroform and
precipitated with two volumes of 100% ethanol. The pellet was dried for 20 minutes at
room temperature and redissolved in 40 µl of IOmM Tris-HCl, pH 8.0. To this solution 5
µl of IOX calf intestinal alkaline phosphatase (CIAP) buffer and 5 µl ofO.l U/µl CIAP
was added. The reaction was incubated at 37° C for 15 minutes and then at at 56° C for
15 minutes. Following this incubation, another 5 µl of CIAP was added and the
incubations were repeated at both temperatures for the same amount of time. 2.5 µl of
10% SDS and 0.5 µl of 0.5 M EDTA were added to the reaction solution. One µl of
proteinase K (20 mg/ml) was added and the solution was incubated at 56° C for another
30 minutes. The DNA was extracted once with an equal volume of phenol followed by a
second extraction with one volume of phenol/chloroform. Following these extractions,
the DNA was then precipitated by adding 0.1 volume of 3 M sodium acetate and two
volumes of 100% ethanol. After centrifugation, the pellet was washed with 70% ethanol
and redissolved in TE buffer to a final concentration of I ug/µl.
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B. Ligation

2.5 µl of digested SIRE-gl insert DNA (0.25 ug), 2.5 µl of dephosphorylated
plasmid DNA (0.0025 ug), 1 µl of lOX ligase buffer, 1 µl ofligase, and 3 µl ofH20 were
mixed together. The solution was incubated at 16° C overnight.

C. Transformation
Transformation was performed according to the protocol described by the
manufacturer - (Gibco BRL). ElectroMAX DHlOB™ competent cells were used as host
cells. DNA from the ligation reaction was diluted 5-fold in 10 mM Tris-HCl, pH 7.5 and
1 mM EDTA. Then, 1 µl from the diluted solution was added to 100 µl of host cells.
This solution was left on ice for 30 minutes for transformation. The cells were then heatshocked for 45 seconds in a 42° C water bath. The transformed cells were placed on ice
for another 2 minutes. 0.9 ml of SOC medium kept at room temperature was then added
and the solution was shaken vigorously at 225 rpm at 370 C for one hour. This solution
was then spread onto LB plates containing 100 µg/ml ampicillin, 80 µl ofX-gal (20
mg/ml in dimethylformamide) and 8 µl of isopropylthio-P-D-galactosidase (IPTG) (200
mg/ml).

6. Identification of Colonies containing Recombinant Plasmids
White colonies from the transformation were regrown on LB plates containing
ampicillin, X-gal, and IPTG. Single white bacterial colonies were transferred to 2 ml of
LB medium containing 100 µg/ml ampicillin and incubated overnight at 37° C with
vigorous shaking. DNA was isolated from these bacterial colonies by mini-prep analysis
using the alkaline lysis method described in Sambrook et al, (1989). The DNA obtained
was extracted once with one volume of phenol/chloroform and precipitated with two
volumes of 100% ethanol. Following centrifugation, the pellet was washed with 70%
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ethanol, air dried for 1 hour and redissolved in 50 µl of TE buffer containing 20 µg/ml
DNase-free pancreatic RNase.
Initially, 1 µl of the TE-dissolved mini-prep DNA sample was digested with
either 10 units of Xbal or 10 units each of Kpnl/Sacl, depending on the specificity of
the cloning, in a total volume of20 µlat 37° C for 1 hour. A total of 15 mini-prep DNA
samples were digested and the products of digestion were analyzed by electrophoresis on
a 0.7% agarose gel. Since pSportl is 4,100 bp in size, DNA samples showing bands
greater than 4 kb indicated recombinant plasmids.
DNA samples that were found to have inserts were again digested with either

Xba! or Kpnl/Sacl, as described above. Both digested and undigested forms of the DNA
were then electrophoresed on a 0.7% agarose gel. Southern hybridizations were then
performed by blotting the DNA on to a GeneScreen Plus membrane, followed by
prehybridization, hybridization with the LTR probe, and autoradiography as stated
previously.

7. Isolating Plasmid DNA Containing the Insert
A single bacterial colony containing recombinant plasmid DNA was used to
inoculate 200 ml of LB medium containing 100 µg/ml ampicillin. This was incubated
overnight at 37° C with vigorous shaking until cell lysis occurred. The plasmid DNA was
isolated and purified from the cleared lysate by the method described (Promega). The
final DNA pellet was dissolved in HPLC grade water at a concentration of 1 µg/µl. This
DNA was analyzed by digesting 1 µg with 10 units of Xbal, analyzing the products of
digestion on a 1% agarose gel and performing a Southern hybridization using the LTR
probe in exactly the same manner as described previously.
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8. PCR Analysis

4.2 kb subcloned DNA isolated using the Wizard Maxiprep system was amplified
by PCR. Four different primers were used in different combinations:
(primer 1)5'CCGGTCCCTGGCTTGGTAGCCCCCAGATGTAGG-3',
(primer 2) 5'CCCAGTTCGGTGCAACCTCACCTACATCTG-3'
(primer 3) 5'-CCCAGTCACGACGTTGTAAAACG -3', and,
(primer 4) 5'AGCGGATAACAATTTCACACAGG, as shown in Figure 3a and b (Bi &
Laten, 1996). 0.1 µg of DNA, 1OX polymerase buffer, 25mM dNTP's, 10 pmoles/µl of
primer, 4 units of Vent DNA polymerase and water to a total volume of 50 µl were mixed
together for the PCR reaction (Sambrook et al., 1989). Reaction products were
fractionated by electrophoresis through a 1% agarose gel and visualized after staining
with ethidium bromide.

9. DNA Sequence Determination.

Automated sequencing services at Northwestern University, University of
Georgia and University of Chicago were used to sequence pSIRE-X-4.2 (the 4.2 kb
subcloned SIRE-I -like fragment). Templates were initially primed with pUCForward
and pUCReverse universal primers. Other specific oligonucleotide primers were
manufactured by the Macromolecular Facilities of Loyola Medical School, based on
information obtained from the 3'ends of the sequence. The protocol for the DNA
sequencing is described in the ABI PrismTM DNA sequencer User's manual (Jan 1995,
the Perkin-Elmer Corporation). 0.5 µg of DNA, 15 pmoles/µl of primer, 8 µl of DNA
sequencing mix that contains the fluorescent dideoxy terminaters, provided in the
sequencing package, and HPLC grade water were mixed together in a total volume of 20
µl. A PCR amplification was performed on this mix with the following settings: 96° C
for 10 sec, 50° C for 5 sec, 60° C for 4 min, for a total of 25 cycles. The amplified DNAs
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were electrophoresed on a 0.2 mm ABI Prism 377 DNA sequencing gel and the bases
were read from the colored electropherograms generated by the computer.

10. Sequence Analysis

Sequence data were analyzed using the Genetics Computer Group, Inc. (GCG )
sequence analysis software package. Data library search of nucleic acid or protein
sequences were conducted with EMBL and Genbank using the BLAST and FASTA
searches. Structural features in both the nucleotide and amino acid sequence were
identified using the following three programs: NNPREDICT, which recognizes the
secondary structure type for each residue in the amino acid sequence (Kneller et al., 1990;
McClelland and Rumelhart, 1988), TMpred, used to predict transmembrane regions and
their orientation (Hofmann and Stoffel; 1993), and, MatinD and Matlnspector, used to
recognize potential promoter and consensus matches in nucleotide sequence data (Quandt
et al., 1995).

11. Determing the Presence of the Env-like Gene in the Soybean Genome.

One µg each of soybean DNA isolated from soybean seeds (Richland and
Lincoln) was digested with 10 units ofrestriction enzymes BamHJ, Sau3Al, Mspl, Hpal,
Xbal, Kpnl, Sall, Sac] and Pstl in a total volume of20 µleach at 37° C for 1 hour. As a

control 1 µg of /...SIRE-gl DNA was also digested with the same enzymes. The products
of the digestion were analyzed on a 1% agarose gel. A Southern hybridization analysis
was then performed using the ORF2 probe in exactly the same manner described
previously to detect the presence of the env-Iike gene in the soybean genome.

CHAPTER III
RESULTS

1. Screening soybean genomic library
A A. soybean genomic library (Stratagene) was screened for SIRE-I members
using the gag region as a probe as described in the Materials and methods section. A
total of 10,000 plaques were screened. Twenty-five positive plaques were isolated after a
series of two plaque purifications and rescreening. Four out of these twenty-five plaques
were replated on separate plates and when screened with the gag probe all the plaques
were positive. All these four plaques contained similar size inserts (Figure Sa, shows the
DNA from three of the four plaques digested with Notl in lanes g, i andj). One, A.SIRE-

gl (lambda DNA plus insert DNA), was pursued for further study.

2. Characterizing the clone and determining the size of the insert (SIRE-gl)

DNA was isolated from several positive plaques and digested with Not] as
described in Materials and Methods. After digestion, the DNA was fractionated by gel
electrophoresis and three bands were observed in most cases after staining with ethidium
bromide (Figure Sa, lanes a, b, c, d, and g). Of these three bands, two comprised the
lambda arms of20 kb and 9.0 kb. The third band, approximately 23 kb, was the insert
band. Some of these DNA samples were not completely digested as seen in lanes e, f, h,
i, andj (Figure Sa) and in those cases the 23kb band and the 20 kb band were very close
to each other and appear almost as a doublet. A.SIRE-gl DNA is shown in lane i (Figure
Sa). The insert DNA band in A.SIRE-gl will be referred to as SJRE-gl . Southern
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hybridization analysis using the gag probe indicated that the 23 kb band contained the
SIRE-I sequence as expected (Figure Sb).
ASIRE-gI DNA was digested with EcoRL Sa!L Sac! andXbal to separate the

insert from the lambda vector arms and to generate small size fragments. Several double
digests were also performed using EcoRL HpaL KpnL and Pstl in different combinations
with EcoRL SalL Sac! and Xbal (Figure 6a). When the clone was digested with XbaL
five fragments were obtained (Figure 7). Two of these fragments represent the lambda
arms - 20kb and 9 kb, and three are from the insert -12.5 kb, 6.5 kb and 4.2 kb. This
confirmed that the size of SIRE-gI is about 23.2 kb. Adding the insert fragments
obtained by all the other single and double digests also gave an approximate size of 23
kb. Southern hybridization analysis performed on these digests using the gag probe
showed the presence of the gag region in some of these sub-fragments (Figure 6b). This
reconfirmed that the clone was SIRE-I-specific.

3. Detecting the presence of LTRs

A.SJRE-gI DNA was digested withXbaL HpaL BamHL KpnL SacL and Pstlin

single and double digests to generate several small fragments (Figure Sa). Southern
hybridization analysis using the LTR probe (made using primer 2 , Figure 3a) was then
performed, showing the presence in each case of two bands that hybridized to the probe
(Figure Sb). This suggested the presence of both SIRE-I LTRs in ASIRE-gI. The LTR
probe hybridized to both the 12.5 kb and the 4.2 kb XbaI fragments. Since 5' and 3'
LTRs of most active retroelements are identical and lie at the terminal ends, the results
from the above southern hybridization analysis suggest that the 12.5 kb and the 4.2 kb
fragment lie at the two ends of the SIRE-I element. The 4.2 kb band is consistently less
intense in both the stained gel and the autoradiogram. This maybe due to rearrangements
in A. that have resulted in loss of part of the fragment.
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Figure 5a. Agarose gel electrophoresis (AGE) of digested A. SIRE-gl clone.
A. DNA containing the insert was isolated froJ?l several positive plaques as stated in
Materials & Methods. The DNA was digested with restriction enzyme Not] that
permits the excision of the insert DNA from the lambda vector arms. Lanes a to j
represent A. DNA samples isolated from 10 different positive plaques digested with Not].
Three bands were observed in most cases after staining with ethidium bromide ( lanes a,
b, c, d, and g). Of these three bands, two comprised the lambda arms of20 kb and 9.0 kb.
The third band, at around 23 kb, was the insert band. The DNA samples in lanes e, f, h, i,
and j represent incomplete digests and in these cases the 23 kb band and the 20 kb band
are very close to each other and appear almost as a doublet. Size marker (lane k) is from
HindIII digested A. DNA.

Figure 5b. Southern hybridization of the A. SIRE-gl digest.
A. SIRE-gl DNA was digested, electrophoresed as described (see Fig.Sa), blotted to a
Gene Screen Plus membrane and probed with the gag region probe. The autoradiogram
shows only three DNA samples out of a total ten samples that hybridized with the gag
probe. The positive band around 23 kb represents the SIRE-gl insert.
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Figure 6a. Restriction digest analysis of DNA from ASIRE-gl.

ASIRE-gl DNA was digested and electrophoresed through 0.7% agarose. b. EcoRJ c.
Sall d. Sstl e. Xbal f. EcoRJ +Sall g. EcoRJ + Sstl h. EcoRJ + Xbal i. Xbal +Sall j.
Xbal + Sstl. Size markers (lanes a and k) are from Hind/JI digested/... DNA.

Figure 6b. Southern hybridization of the gel depicted in Figure 6a.

A.SIRE-gl DNA was digested, electrophoresed as described (see Fig.6a), blotted to a
Gene Screen Plus membrane and probed with the gag region probe made from soybean
DNA.
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Figure 7. Determining the size of SIRE-gl.

One µg of 'A SIRE-g I DNA was digested with 10 units of Xbal and electrophoresed
through 0.7% agarose. Xbal digest generates three insert fragments: 12 kb, 6.5 kb and
4.2 kb and two lambda fragments 20 kb and 9 kb. The 4.2 kb band is less intense in the
stained gel. This maybe due to rearrangements in /... that have resulted in loss of part of
the fragment. Lanes b - e represent multiple loads of the same digest. Size marker (lane
a) is from Hind!!! digested 'A DNA.
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Figure Sa. Detecting the presence of LTRs in my clone.

ASIRE-glDNA was digested and electrophoresed through 0.7% agarose to generate
several small size fragments. a. size markers from Hindlll digested A. DNA b. Xbal c.

Xbal + Hpal d. EcoRJ e. BamHJ f. Kpnl + Sacl g. Pstl + Sacl.

Figure Sb. Southern hybridization of the gel from Figure 8a.

The membrane was probed using a L TR-specific oligonucleotide probe that was prepared
(Sambrook et al., 1989) using sequence information from the 2.4kb SIRE-I cDNA clone
(Bi & Laten, in preparation). This autoradiogram shows the presence of at least two
bands in each case that hybridized to the LTR probe.
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4. Subcloning of SIRE-gl

The SIREgl sub-fragments generated by digestions withXbaI and with KpnI and

Sac/, were cloned into pSportl and transformed into DHlOB cells. DNA from white
colonies (ampr lac-) was recovered and electrophoresed. Only two of the white colonies
analyzed contained plasmids with inserts (Figure 9 ). DNA was isolated from these two
colonies, digested withXbal, electrophoresed on a 0.7% gel, and a southern
hybridization analysis was performed using the LTR probe. Results of this analysis
showed that one of the two white colonies had a 12.5 kbXbal cut fragment and the other
had a 4.2 Xbal cut fragment (Figure not shown).
The clone containing the 4.2 kb insert was prepared for sequencing analysis. This
subclone will be referred as pSIRE-X-4. 2. DNA was isolated from this colony, digested

withXbal and both digested and undigested forms of the DNA were analyzed by agarose
gel electrophoresis (Figure lOa). There were a series of bands in the undigested DNA
which represents the supercoiled, relaxed and the linear forms of plasmid DNA. A
doublet at approximately 4.0 kb was seen in the digested form of the DNA: one of these
bands represents the 4.2 kb band of pSIRE-X-4. 2 and the other corresponds to pSport I
which is 4.1 kb. After Southern hybridization analysis using the L TR probe, three bands
in the undigested DNA lane (the lowermost darkest band is around 8.0 kb and probably
represents the linearized form of the plasmid) and the 4.2 kb (lower band from the
doublet around 4.0 kb) in the digested form hybridized to the probe (Figure 1Ob). This
result further confirmed the presence of the LTR in the subcloned insert.

5. Determining the orientation of the LTR in pSIRE-X-4.2

PCR analyses were performed to determine if the subcloned pSIRE-X-4. 2
contained a whole LTR of SIRE- or only part of an LTR and to determine the orientation
of the insert (Figure 11 ). In earlier studies in our lab, a 2.4 kb SIRE-I-specific clone
derived from a.
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Figure 9. Mini-prep analysis of white colonies from cloning.
Mini-preps from 12 white colonies were performed. The DNA samples from these Xbal
and the Kpnl/Sacl cloned fragments were analyzed on a 0.7% agarose gel (lanes b to
m). Lane a. size marker from Hind!!! digested A. DNA. Only 2 out of the total 12 DNA

samples (lanes h and k) contained the insert.
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Figure lOa. Characterization ofpSIRE-X-4.2 subcloned DNA.

PSIRE-X-4.2 DNA was digested withXbal and both the digested and undigested forms
of the DNA were electrophoresed on a 0.7% agarose gel. Lanes a. size markers from

Hind/II digested /.... DNA. d. undigested DNA e. Xbal digested. (Lanes b and c are
undigested, andXbal digested forms of DNA isolated from the 12.5 kb subcloned DNA
fragment; this subcloned fragment was not used in this study).

Figure lOb. Southern hybridization analysis of the gel in Figure. lOa using the LTR

oligonucleotide probe.
Both the digested and undigested forms of pSIRE-X-4.2 DNA were electrophoresed as
described (see Fig. I Oa), blotted to a Gene Screen Plus membrane and probed with the
L TR probe. The autoradiogram shows the presence of three bands in lane d (the
lowermost darkest band at 8 kb represents the linearized form of the plasmid) and one
doublet band around 4 kb in lane e that hybridized to the probe.
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Figure 11. Diagrammatic representation showing the two possible orientations of the
LTR region in the pSIRE-X-4.2 subcloned DNA.
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Figure 12. PCR analysis of pSIRE-X-4.2 subcloned DNA to determine the orientation of

the LTR.
PSIRE-X-4.2 subcloned DNA was run in a PCR reaction with a total of four different

primers: primers 1, 2, 3, and 4 (Fig 3) in different combinations. Products of the PCR
reaction were run on a 1% agarose gel a. size markers from Hind/II digested A. DNA. b.
undigested 4 kb subcloned DNA c. Xbal-cut 4 kb subcloned DNA (partial digestion) d.

Hae] 11 size marker e. PCR product using primer I/primer 3 f. PCR product using
primer 1/primer 4 g. PCR product using primer 2/primer 3 h. PCR product using primer
2/primer 4 i. size marker from a 1 kb DNA ladder.
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soybean cDNA library was sequenced. This cDNA clone contains nearly 200 bp of a
putative 5'L TR just upstream of a minus-strand primer binding site (Bi & Laten, 1996).
Using this sequence information, two primers were designed which are shown in Figure
3a and labeled primer 1 & primer 2 Both primers will anneal about 150 nucleotides from
the 3' end of each LTR. Primer 1 extension leads out the 3' end of the LTR and primer 2
extension leads into the LTR towards its 5' end. Primers 3 & 4 (shown in Figure 3b)
were designed to anneal to vector sequences flanking the insert. Four different PCR
reactions were run using the following combination of primers: 1 and 3, 1 and 4, 2 and 3
and 2 and 4. The products of these PCR reactions were analyzed by agarose gel
electrophoresis (Figure 12 ). Results show the presence of a major band in only two of
the four reactions. In the 1-4 reaction a 600 bp band was obtained, and in the 2-3 reaction
a 3700 bp band was present. These results suggest that the subcloned pSIRE-X-4.2
extends 3850 base pairs upstream of the the 3' end of an LTR and 950 bp downstream.
This was what was expected if we had our 4.2 kb subcloned insert in the right orientation,
extending into the element, and containing the LTR. Although, as seen in Figure 12,
there are a series of different size bands in each of the four PCR reactions, this
experiment was only a preliminary test to make sure that we had an insert that extended
into the element rather than into the flanking soybean DNA sequence. In two out of the
total four PCR reactions we found band sizes that suggested that we had the insert in the
right orientation. We thereby decided to disregard all the other bands and proceed with
the sequencing analysis. Since it is unlikely that the LTR is greater than 3850 bp, the 4.2
kb fragment contains a complete LTR. However, these results do not show if this
subcloned copy has the 5'LTR or the 3'LTR. The presence of a 5'L TR or a 3'LTR can
only be determined from flanking sequence information.
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6. Sequence of the subcloned pSIRE-X-4.2

Figure 13 shows the nucleotide sequence of the 4.2 kb subcloned fragment.
Figure 14 shows the list of primers used in the sequencing reactions. Templates were
initially primed with pUCForward and pUCReverse universal primers. Other specific
oligonucleotide primers were designed based on information obtained from the 3'ends of
the sequence. This sequence information is from one DNA strand only. The other DNA
strand of pSIRE-X-4. 2 is currently being sequenced in the lab. Translation of this
sequence reveals four significant ORFs.
A. Sequence from ORF 1

Figure 15 (A) shows the derived amino acid sequence from ORFl of the
subcloned pSIRE-X-4.2. This ORF extends from nucleotide (nt) 1 to nt 191. When the
amino acid sequence from this region was compared to amino acid sequences from other
retroelements in the protein sequence database, there were significant matches with Rnase
H from copia and other copia-like retrotransposons. The most significant of these
matches was with the copia element from Drosophila melanogaster (Figure 15B).
Amino acids 18 to 56 showed 56% sequence identity and 74% sequence similarity to aa
1362 to 1400 of the copia element. This peptide corresponds to the 3'end of the RnaseH
region of the copia element (Mount & Rubin, 1985).
B. Sequence from ORF2
Figure 15C shows the derived amino acid sequence from ORF2 of the subcloned pSIREX-4.2. This region is 1740 bp long and extends from nt 228 to nt 3686. The ORF for this

region starts 27 nucleotides after the first ORFl stop codon. This ORF encodes a
polypeptide of 579 amino acids with no in-frame stop codons, and exhibits weak
sequence similarity to some surface glycoproteins (Figure 16). The sequence identity for
retroviral env proteins was especially weak. Since retroviral env genes encode surface
glycoproteins, the amino acid sequence of ORF2 was analyzed for features known to be
present in
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Figure 13. Nucleic acid sequence of the pSIRE-X-4.2 subcloned DNA.
The Rnase H region is underlined with a single line (------). The env-like region is
underlined with a double line(==). The 3' LTR region is underlined with a dotted line
L_). The stop codons at the end ofORFl and ORF2 are shown in italic. Two putative

LTR start sites are marked with bent arrows beginning with a 5'TGAA highlighted in
bold. The 3' LTR ends at TCA which is in bold and also marked with a bent arrow. The
putative sites of polyadenylation (PAS), polypurine tract (PPT), TATA box, CAAT box
are shown in bold and labeled. The two possible TATA-CAAT box combinations are
labeled as TATA box (1) CAAT box (1) and TATA box (2) CAAT box (2) respectively.
The flanking soybean DNA region is shown in bold and italic.
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1

GCTCGCGGCC GCGAGCTCTA ATACGACTCA CTATAGGGCG TCGACTCGAT

51

CTTGTTGATG ATMAGTTAT CACACTGGAG CATGTTGACA CTGAGGMCA

101

AATAGCAGAT ATTTTCACAA AGGCATTGGA TGCAMTCAG TTTGAAAMC

151

TGAQGGGCAA GCTGGGCATT TGTCTGCTAG AGGATTTATA GCAATTACTT

201

TTATCTGAAC GTGCTTAAb& GTTMTAGCG CGTTCTCTAC TGGGCCMM

251

CAMTTCGAC CGTTGCTTCA CACGTCCCTC TACATTCCTC ATTCAAACTC

301

ATATTTTCGT GGTAATCTCG TTTTCAGCAI TCCCCAACAG CTCTCA8AGA

351

TTTACGAMC CATTCCAAA.G GCTCTGCTTC TCCATGGCTA CCTCACCAM

401

AGATACTTCA TCTCCTGGTT CACCCTCTGT ACCATCATCT CCATCATCCA

451

CCMAGCACC AICAMCCAG GMCAACCTG AATTCCATAT CCAACCCATA

501

C.AAATGAITC CTGGTCTAGC CCCTGTTCCT GAGMACTGG TCCCCATAAG

551

ACAACAGGGA GTGMQAITT CTGAMACCC TAGCATTGCA ACAAGTCCTA

601

GGGMTTGAC ACGGGAGATG GATMGAAGA TCCGCAGTAT TGTGAGTAGT

651

ATTCTGMAA ATGCTTCTGT CCCTGATGCT GATAMGATG TTCCAACATC

701

TTCCACCCCA AATGCTGMG TCCTCTCTTC ATCCAGTAAA GAGGAATCAA

751

CAGAGGAA.GA GGMCMGCC ACAGAGGAGA CCCCTGCACC AAGGGCACCA

801

GAACCTGCTC CAGGTGACCT CATTGACCTA GAAQAAGTAG AATCTGATGA

851

GGAACCCbTT GCCAACAAGT TGGCACCTGG CATTGCAGAA AGATTACAAA

901

GCAGAAA.GGG AMAACCCCC ATTACTAGGT CTGGACGMT CMMCTATG

951

GCACAGMQA AGAGCACACC AAICACTCCT ACCACATCCA GATGGAGCAA

1001

AGTTGCMTC CCTTCCMGA AGAGGAAAGA ATTTTCCTCA TCTGATTCTG

1051

ATGATGATGT CQMCTAQAT GTTCCCGACA TCMGAGGGC CAAGAMTCT

1101

GGGAAMAGG TGCCTGGAAA TGTCCCTGAT GCACCATTGG ACAACATTTC

1151

ATTCCACTCC ATTGGCMTG TTGAAAGGTG GAMTTTGTA TATCAACGCA

1201

GACTTGCCTT AGAAAGAGM CTGGGAAGAG ATGCCTTGGA TTGCAAGGAG

1251

ATCATGGACC TCATCAAGGG CTGCTGGACT GCTGMAACA GTCACCMGT

1301

TGGGAGAIGT TATGAMGCC TAGTCAGGGA ATTCATTGTC AACATTCCCT

1351

CT~ACATAAC AAA~AGAAAG

AGTGATGAGT

AI~AGAAAGT

GITIGIC.8.GA

1401

GGAAAA.TGTG TTAQATTCTC CCCTGCTGIA AICAACMAT ACCTGGGCAG

1451

ACCIACTGAA GGAQTGGTGG ATATTGCTGT TTCTGAGCAT CAMTTGCCA

1501

AGGAMTCAC TGCCMACAA GTCC8GCAIT GGCCAAA.GAA AGGGMGCTT

1551

TCTGCAQGGA A.GCTMQTGT GMGTATGCA ATCCTGCACA GQATTGGCGC

1601

TGCAMCTGG GTACCCACCA AICATACTTC CACAGTTGCC ACAGGTTTGG

1651

GTl\AATTTCT GTATGCTGTT GGMCCMGT CCAMTTTAA TTTTGGMAG

1701

TAIAITTTTG ATCAMCTGT TMGCAITCA GMTCATTTG CTGTCMATT

1751

ACCCAITGCC TTCCCMCTG TAITGTGTGG CATTATGTTG AGTCAACATC

1801

CCMTATTTT AMCAACATT GbCTCTGTGA TGAAGAAA.GA ATCGGCTCTG

1851

TCCCTGCATT ACAMCTGTT TGAGGGGACA CATGTCCCAG ACATTGTCTC

1901

GACATCAQGG AAAGCTGCTG CTTCAGGTGC TGTATCCAAG GGATGCTTTG

1951

ATTGCTGAAC TCAAGGACAC ATGCAAGGTG CTGGAAGCAA CCATCAAAGC

2001

CACCACAGAG AAGAAAATGG AGCTGGAACG CCTGATCAAA AGACTCTCAG

2051

ACAGTGGCAT TGATGATGGT GAAGCAGCTG AGGAAGAAGA AGAAGCCGCT

2101

GAGGAAGAGA AAGATGCAGC AGAAGATACA GAATCAGATG ATGATGATTC

2151

TGATGCCACC CCATGACCAT CAGACCTTTA TTTTTGCTTT TTACTCTTAC

2201

TAGCTATAGG GCATGTCCCT TTGAACAATT GATTGCTATT GGTCTGTAAT

2251

ATTTGCATGC ATTCTACTTT TGTCAAATTC TGTCTAAAAA GGGGATATAT

2301

ATTATGCATG ATTTTGAGTA GTAGATACTA TGTTGCAATA GTATATTATG

2351

CATAATTTAT GATTTTGAGT AGTAGGATAC GATGTATGCA TGATTCATGA

2401

TTTTGAGGGG GAGTTGTAAG TATATGATTT TGAGGGGGAG TAGTATCTGA

2451

TGATGCTGAT AGAAGATGGC ATGGAGACAG GGGGAGCAGA AAGCTGATGT

2501

CACGTGAGAT GTCTTGACAT CCTGGAAACG ACTTGCAACT TGCAGAATTT

2551

TGCTGTCGCC CCTACAGATA CCGCTGTGCT TGATTACTCT

2601

GIIGCIGATC CCACIIGCAT AACIGCICGI ACCIGCICAG GAAGIGICIA

2651

AGIAIGIIII AGACAAAAII IGCCAAAGGG GGAGAIIGII AGIGCIIAGC

2701

IIIACTGAGT IITAAAAGAI IGGCIAAAAI IIIGIIAAAA CATAAGCACI

2751

CAAT box (1)
LLTR start site (2)
IAGAC.AA'l'GA A.GGAAAGCIG GAGITGCIGC ACAGGAIGIC CAACGIIATG

2801

ICAAGGAATC AGAIIGGGCI CCACAAIGCA CAAGGCAAGA TAAAAGGTCA

PPT

LTR start site (1)

I

GATAA~

PPT

PAS

PAS

PAS

TATA box (1)
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53
CAAT box

(2)

2851

MTGAAGMT TGAAGCTGCA GGAICCACGA TGTCGGATAC AATGTCCAGG

2901

ACATCCTGCC CGMAATACT GGACACATAA AICTGTTATA TCTTTMCAG

2951

ATTMTGTGC AGTTAGCAAC AGATTTGGCG AICTATCTTT AGGAACGMT

3001

TAAAAGATAA TTAMGTTCG MTTACAMC TTGAATAGTT CGTTCAGGGA

3051

TTAMGAITA AAGATAAAAA CTMAAGATC AMCTGTATC TTTIAGATCT

3101

TTMGTGCAG ATTTTTCAGG AGMTGATAG AICTTATCCA GCGCAAGATG

3151

TTGCAGCCCA GAIACGCACA CTGCIATATA AACATGMGG CTGCACGAGT

3201

TTTCTACCAA GTCCGGGATT GMGAGTTAT TTTGTGAGTT TTGGGACTTG

3251

AGTGTTTTGT GAGCCACCTT GATGTTACCC TAACATCAAG TGTTGGACCT

3301

GAGTGTGTAG AGTTGATCTC TATTGTTCAG AGAGCMTCT CTGGTGTGTC

3351

TTTGATTTAT TTGTAMCAC GGGAGAGTGA TTGAGAGGGA GTGAGAGGGG

3401

TTCTCATATC TAAGAGTGGC TCTTAGGTAG AGGTTGCACG GGTAGTGGTT

3451

AGGTGAGMG GTTGIAAACA GTGGCTGTTA GATCTTCGAA CTAACACTAT

3501

TTTAGTGGAT TTCCTCCCTG GCTTGGTAGC CCCCAGATGT AGGTGAGGTT

3551

GCACCGAACT GGGTTAACAA TTCTCTTGTG TTATTTACTT GTTTMTCTG

3601

TTCATACTGT CAAATATMT CTGCATGTTC TGAAGJ3TGA TGTCGTGACA

3651

TCCGGTACGA CATCTGTCAT TGGIATCAGA ATTTCATGCT GCAAATATTT

3701

ACAATAGACC TCCTCAACCT CAACAGCAAA ATCAACCACA GCAGAACAAT

3751

TATGACCTCT CCAGCAACAG ATACAACCCT GGATGGAGGA ATCACCCTAA

3801

CCTCAGATGG TCCAGCCCTC AGCAACAACA ACAGCAGCCT GCTCCTTCCT

3851

TCCAAAATGC TGTTGGCCCA AGCAGACCAT ACATTCCTCC ACCAATCCAA

3901

CAACAGCAAC AACCCCAGAA ACAGCCAACA GTTGAGGCCC TCCACAACTT

3951

CCTTCGAAGA ACTTGTGAGG CAAATGACTA TGCAGAACAT GCAGTTTCAG

4001

CAAGAGACTA GAGCCTCCAT TCAGAGCTTA ACCAATCAGA TGGGACAATT

4051

GGCTACCCAA TTGAATCAAC AACAGTCCCA GAATTCTGAC AAGTTGCCTT

4101

CTCAAGCTGT CCAAAATCCC AAAAATGTCA GTGCCATTTC ATTGAGGTCG

4151

GGAAAGCAGT GTCAAGGACC TCAACCCGTA GCACCTTCCT CATCTGCAAA

4201

TGAACCTGCC AAACTTCACT CTAC

TATA box

(2)

LTR stop site
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Figure 14. List of primers used in the sequencing reactions.
Templates were initially primed with pUCForward and pUCReverse universal primers.
Other specific oligonucleotide primers were designed by the Macromolecular Facilities of
Loyola Medical School based on the information from the 3 'ends of the sequence. The
number 4 represents pSJRE-X-4.2 subcloned DNA, the two numbers in the center directly
correspond to the nucleotide number from the nucleotide sequence of pSIRE-X-4. 2
shown in Figure 13 and c represents complementary strand.
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1. pUCForward

2. pUCReverse
3. 4-227-246
4. 4-273-292c
5. 4-558-580
6. 4-581-602c
7. 4-950-969
8. 4-1242-1261
9. 4-1587-1606
10. 4-2434-2453c
11. 4-2908-2927c
12. 4-3249-3268c
13. 4-3525-3563c
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Figure 15. The deduced amino acid sequence ofORFl, ORF2, ORF3 and ORF4.

(A)The deduced amino acid sequence of ORFl of the 3'end of the Rnase H region. Stop
codons are indicated by(*). (B) Comparision of the Rnase H region of the 4.2 kb
subcloned SIRE-I fragment with the Rnase H region of the copia element from
Drosophila melanogaster. (C) Deduced amino acid sequence of ORF2 encoding the

putative env-like region. Signal peptide(SP), fusion peptide (FP) and hydrabhobic anchor
sequence (AS) are shown in red. The cleavage activation site (CAS) is shown in dark
magenta and the cytoplasmic domain (CD) is shown in cyan. The PXX praline motif is
seen from aa 66 to aa 77 and is double underlined. The pralines in the praline-rich
domain are shown in green and double underlined. The putative N-linked glycosylation
sites conforming to the consensus NXS/T are in blue. Pra-(Ser/Thr) 0-glycosylation sites
are shown in green, and (Ser/Thr)-X-X-Pra 0-glycosylation sites are also shown in green
and underlined with a single line. The cysteine residues are in magenta. (D) An extra
ORF (ORF3) that exists between the end of ORF2 and the upstream possible LTR 5'
terminus. (E) ORF4 from the sequence of the flanking DNA.
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(A)

QRll

1
51

SRPRALIRLT IGRRLDLVDD KVITLEHVDT EEQIADIFTK ALDANQFEKL
RGKLGICLLE DL*QLLLSER A*

(B)

Drosophila copia element from white-apricot allele. [Drosophila melanogaster]
Score= 107 (49.4 bits), Expect= 7.8e-10, Sum P(2) = 7.8e-10
Identities= 22/39 (56%), Positives= 29/39 (74%)
4.2 kb
insert
copia:

: 18 VDDKVITLEHVDTEEQIADIFTKALDANQFEKLRGKLGI 56
V + VI LE++ TE Q+ADIFTK L A +F +LR KLG+
1362 VQNNVICLEYIPTENQLADIFTKPLPAARFVELRDKLGL 1400
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(C)

ORF2
SP

1

TLIARSLLGQ NKFDRCFTRP STFLIQTHIF WISFSAFPN SSQRFTKPFQ

51

PXX motif
RLCFSMATSP KDTSSPGS PS VPSSPSSTKA PSNQEQPEFH IQPIQMIPGL

101

APVPEKLVPI RQQGVKISEN PS IATSPREL TREMDKKIRS IVSSILKNAS

151

VPDADKDVPT SSTPNAEVLS SSSKEESTEE

201

LIDLEEVESD EEPIANKLAP GIAERLQSRK GKTPITRSGR IKTMAQKKST

251

PITPTTSRWS KVAI PSKKRK EFSSSDSDDD VELDVPDIKR AKKSGKKVPG

301

NVPDAPLDNI SFHSIGNVER WKFVYQRRLA LERELGRDAL DCKEIMDLIK

351

GCWTAENSHQ VGRCYESLVR EFIVNI PSDI TNRKSDEYQK VFVRGKCVRF

EEQATEET~A RRA~E~A~GD

451

CAS
SPAVINKYLG RPTEGVVDIA VSEHQIAKEI TAKQVQHWPK KGKLSAGKLS
FP
VKYAILHRIG AANWVPTNHT STVATGLGKF LYAVGTKSKF NFGKYIFDQT

501

AS
CD
VKHSESFAVK LPIAFPTVLC GIMLSQHPNI LNNIDSVMKK ESALSLHYKL

551

FEGTHVPDIV STSGKAAASG AVSKGCFDC*

401
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(D} QRl..3.
1
LKDTCKVLEA TIKATTEKKM ELERLIKRLS DSGIDDGEAA EEEEEAAEEE
51

KDAAEDTESD DDDSDAT

(E}

QRF.i

1

LQIFTIDLLN LNSKINHSRT IMTSPATDTT LDGGITLTSD GPALSNNNSS

51

LLLPSKMLLA QADHTFLHQS NNSNNPRNSQ QLRPSTTSFE ELVRQMTMQN

101

MQFQQETRAS IQSLTNQMGQ LATQLNQQQS QNSDKLPSQA VQNPKNVSAI

151

SLRSGKQCQG PQPVAPSSSA NEPAKLHS
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Figure 16. Sequence comparision of the env-like region of the 4.2 kb subcloned

fragment with some surface glycoproteins.
(A) sporozoite surface protein 2 from Plasmodiu yoelii. (B) glycoprotein 350/220 from
human herpesvirus 4 (C) Epstein Barr virus major outer envelope glycoprotein. These
sequence similarities lie within the proline rich domain, commonly found in the surface
proteins of the env gene of most retroviruses. All these sequence comparisons are
statistically very weak.
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(A) sporozoite surface protein 2 - Plasmodium yoelii (fragment)
Length = 477
Score = 82 (38.l bits), Expect = 0.0012, P = 0.0012
Identities= 17/55 (30%), Positives= 29/55 (52%)
Query:
Sbjct:

39 PNSSQRFTKPFQRLCFSMATSPKDTSSPGSPSVPSSPSSTKAPSNQEQPEFHIQP 93
P++
+ P + L + ++P + S+P PS P PS+ K PSN +P
+P
295 PSNPNEPSNPNEPLNPNEPSNPNEPSNPNEPSNPEEPSNPKEPSNPNEPSNPEEP 349

(B) glycoprotein 350/220 - human herpesvirus 4
Length = 886
Score= 38 (17.6 bits), Expect= 0.010, Sum P(4)
Identities = 8/20 (40%) , Positives = 11/20 (55%)
Query:
Sbjct:

0.010

72 PSSPSSTKAPSNQEQPEFHI 91
PSS S T +PS +
H+
648 PSSISETLSPSTSDNSTSHM 667

Score = 31 (14.4 bits), Expect = 0.069, Sum P(4) = 0.067
Identities = 9/38 (23%), Positives = 18/38 (47%)
Query:
Sbjct:

40 NSSQRFTKPFQRLCFSMATSPKDTSSPGSPSVPSSPSS 77
+S+
T P +
++ T
+ +S + S+
PSS
613 SSTPVVTSPPKNATSAVTTGQHNITSSSTSSMSLRPSS 650

(C) Epstein Barr virus major outer envelope glycoprotein
genes gp350 and gp220, complete eds. [Epstein-Barr virus]
Length = 907
Score= 34 (15.8 bits), Expect= 95., Sum P(3) = 1.0
Identities = 7/20 (35%), Positives = 10/20 (50%)
Query:
Sbjct:

72 PSSPSSTKAPSNQEQPEFHI 91
PSS
T +PS +
H+
669 PSSNPETLSPSTSDNSTSHM 688
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retroviral envelope proteins (Hofmann & Stoffel, 1993; McClelland & Rumelhart,
1988; Kneller et al., 1990).0RF2 is characterized by the presence of the following
structural characteristics found in the env region of most retroviruses as noted in Figure
15C; (1) there is a putative hydrophobic signal peptide from amino acid (aa) 17 to 23,
(2)a hydrophobic transmembrane anchor sequence from aa 511 to aa 531, (3) a possible
fusion peptide staring at aa 466 to 485, (4) a possible cleavage activation site marked by
the basic amino acids Lys-Lys-X-Lys at aa position 441, (5) a proline-rich domain which
comprises a conserved proline-X-X repeat motifrepeated four times from at aa 66 to aa
77 and another short stretch extending from aa 189 to aa 200 that is 42% proline, and (6)
presence of several putative N-linked glycosylation sites occurring at the recognition
sequence Asn-X-Ser/Thr, and 0-linked glycosylation sites occurring at clusters of serine
residues and threonine residues. These characteristics will be discussed in detail in the
discussion section.

C. Sequence from the LTR region
Figure 13 shows the nucleotide sequence from the LTR region in the 4.2 kb subcloned
fragment of SIRE-I. In earlier studies from our lab, a 2.4 kb SIRE-I-specific clone
derived from a soybean cDNA library contained nearly 200 hp of the 3'end of a putative
5'LTR (Bi & Laten, 1996). The 5' and the 3' LTRs of active retroelements are always
identical. In order to determine if the 4.2 kb subcloned fragment had the 3' or the 5' LTR,
the nucleotide sequence of these two SIRE-I specific LTRs were compared. Base 3515
to base 3686 from the 4.2 kb subcloned fragment aligns almost perfectly with bases 1 to
177 of the SIRE-I cDNA clone. There are only three nucleotides that do not match
(Figure 17). If the 4.2 kb subcloned DNA contained the 5'LTR then there should have
been sequence similarity with the gag region of the 2.4 kb cDNA clone. But there is no
sequence match after base 3686. Base 3686 therefore represents the 3' end of the 3' LTR.
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Figure 17. Sequence comparision of the LTR sequence from the 4.2 kb subcloned SIRE] element with the L TR sequence derived from the 2.4 kb SIRE-I cDNA clone sequenced
in earlier studies in our lab (Bi & Laten, 1996).
There is 98.3% sequence similarity between the two L TR sequences. There is a difference
in only three nucleotides as seen in the figure.

64

3S1S TCCCTGGCTTGGTAGCCCCCAGATGTAGGTGAGGTTGCACCGAACTGGGT 3S64 A
11111111111111111111111111111111111111111111111111

6 TCCCTGGCTTGGTAGCCCCCAGATGTAGGTGAGGTTGCACCGAACTGGGT SS

B

3S6S TAACAATTCTCTTGTGTTATTTACTTGTTTAATCTGTTCATACTGTCAAA 3614 A
1111111111111111111

11111111111111111111111

111111

S6 TAACAATTCTCTTGTGTTAGTTACTTGTTTAATCTGTTCATACAGTCAAA lOS

B

361S TATAATCTGCATGTTCTGAAGCGTGATGTCGTGACATCCGGTACGACATC 3664 A
11111111111111111111111111111 I I I I I I I I I I I I I I I I I I I I

106 CATAATCTGCATGTTCTGAAGCGTGATGTCGTGACATCCGGTACGACATC lSS
3666 TGTCATTGGTATCAGAATTTCA 3686

B

A

1111111111111111111111

1S6 TGTCATTGGTATCAGAATTTCA 177
A = 4.2 kb subcloned SIRE-1 DNA
B = 2.4 kb SIRE-1 cDNA clone

B
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L TRs terminate in short inverted repeats. There are two possible LTR 5' termini with
the sequence TGAA as noted in Figure 13, one at base 2596, and the other at base 2758.
Based on these two possible termini, the length of the LTR is either 1464 bp or 825 bp.
The size and the 5' end of the LTR can only be unambiguously determined after the entire
5'LTR is sequenced. Because both the 5' and 3' LTRs are identical sequence matches will
cease beyond the 5'end. Recognized elements between the end of ORF2 and the 3'end of
the LTR are noted in Figure 13 and include (a) polypurine tract (PPT) used for the
synthesis of the second(+) DNA strand (Flavell, 1992) (there are three possible PPTs at
base 2286, 2432, and 2675), (b) an A/T- rich TATA element, (there are two putative
CAAT-TATA box combinations within the LTR, CAAT box (a) at base 2790 and TATA
box (a) at base 2838, and, CAAT box (b) at base 2888 and TATA box (b) at base 2943),
and (c) three possible polyadenylation signals (PAS) GTTAAAA at base 2708, T AAAA
at base 2725, and GTTTT AAA at base 2734 located upstream from the TATA box.
These structural features were generated by using a computer program, Matlnd and
Matlnspector, (Quandt et al., 1995). This program detects consensus matches in the
nucleotide sequence data by looking at the neighborhood of the sequences.

D. Sequence from ORF3.
There is a shorter ORF between the end of ORF2 and the upstream possible LTR
5' terminus (Figure 15D). This ORF is 67 amino acids long. When a BLASTP search
was run this ORF shows similarities with several eukaryotic transcription factors, RNA
binding proteins and nucleolar transcription factors (Figure 18).

E. Sequence from the flanking DNA.
There are a total of 538 nucleotides beyond the 3' LTR terminus (Figure 13). The
deduced amino acid sequence shows the presence of one long ORF comprising 178
amino
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Figure 18. Comparision of the protein encoded by ORF3 that lies between ORF2 and the

5' terminus of the 3'LTR with other proteins in the data base.
(A). Xenla nucleolar transcription factor (B). HSV2H trans-acting transcriptional protein
(C). RNA binding protein from humans.
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(a) XENLA NUCLEOLAR TRANSCRIPTION FACTOR 2 (UPSTREAM BINDING
FACTOR-2) (RNA polymerase I
transcription factor [Xenopus laevis]
Length = 701
Score = 86 (39.6 bits), Expect = 0.029, P = 0.028
Identities = 17/37 (45%), Positives = 23/37 (62%), Frame
Query:
Sbjct:

+3

90 SDSGIDDGEAAEEEEEAAEEEKDAAEDTESDDDDSDA 200
SDS D+
EE E E+E+D ED E DDDD+++
647 SDSSSDEDSEEGEENEDEEDEEDDDEDNEEDDDDNES 683

(b) ICPO HSV2H TRANS-ACTING TRANSCRIPTIONAL PROTEIN ICPO (VMW118
PROTEIN) . [Herpes simplex virus type 2]
Length = 825
Score = 84 (38.6 bits), Expect = 0.056, P = 0.054
Identities = 22/39 (56%), Positives = 30/39 (76%), Frame
Query:
Sbjct:
(c)

-3

202 VASESSSSDSVSSAASFSSSAASSSSSAASPSSMPLSES 86
VA+ SSSS S SSA+S S+S++S+SSS+AS SS
S +
586 VAAASSSSASSSSASSSSASSSSASSSSASSSSASSSSA 624

(RNA-binding protein [Homo sapiens]
Length = 305

Score = 85 (39.1 bits), Expect = 0.034, P = 0.034
Identities= 25/60 (41%), Positives= 34/60 (56%), Frame= -3
Query:241KSKKQK*RSDGHGVASESSSSDSVSSAASFSSSAASSSSSAASPSSMPLSESLLIRRSSS62
+ K +K RS
G +S S S S SS+ S +S+ +SS SS++S SS
S S
SSS
Sbjct:59 RDKTRKRRSASSGSSSTRSRSSSTSSSGSSTSTGSSSGSSSSSASSRSGSSSTSRSSSSS118
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acids (Figure 15E). This ORF from the flanking DNA sequence did not show any
significant matches when a BLASTP search was run.
Figure 19 shows a diagrammatic representation of the various coding domains of the 4.2
kb subcloned fragment. This subcloned insert represents the 3'end of the SIRE-I
retroviral genome. The insert begins 218 base pairs upstream from the 3' end of the
RnaseH region, followed by 1740 base pairs from a putative env-like region, the complete
3'LTR containing 1728 base pairs and 538 base pairs from the flanking soybean DNA.
There is an extra ORF that lies in between ORF2 and the 3'LTR.

7. Presence of the env gene in the soybean genome
Soybean DNA from the strain Lincoln was digested with BamHJ, Sau3Al, Mspl, and
Hpal as shown in Figure 20a. As a positive control J....SIREgl DNA was also digested

with the same restriction enzymes (Figure 20a). On a separate gel soybean DNA from
the strain Richland was digested with BamHL BamIL EcoRL HpaL KpnL SacL PstL
XbaL Sall, and Hind/II as shown in Figure 2la. When southern hybridization analysis

was performed using the ORF2 probe (env probe), bands from the soybean digested DNA
(both Richland and Lincoln strains) and bands from the control digests (ASIREgl DNA)
were positive as shown in Figure 20b and 21 b. The presence of bands that were positive
in the soybean DNA digests demonstrated that the env gene was present in the soybean
genome.
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Figure 19. Diagrammatic representation of the different coding domains in the pSIRE-X4.2 subcloned DNA.

The ORFs are depicted by clear boxes and marked. The LTR region is represented by a
dotted box, regions between the ORFs are depicted by diagonally striped boxes and the
flanking soybean DNA is shown as a straight line.
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CODING REGIONS OF THE 4.2 KB SUB-CLONED SIRE-1 FRAGMENT
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Figure 20a. AGE of digested soybean DNA from the strain Lincoln, and l..SIRE-

gl DNA.
Lanes - b. Soybean DNA with BamHI c. Soybean DNA with Sau3AI d. Soybean
DNA with Mspl e. Soybean DNA with Hpal f. l..SIREgl DNA with BamHI g. 'A
DNA+ SIREgl with Sau3AI. h. ASJREgl DNA with Mspl. i. ASIREgl DNA
with Hpal. j. l..SIREgl DNA withXbaJ. Size markers (lanes a and k) are from

Hind/II digested 'A DNA.

Figure 20b. Southern hybridization of the digest to detect presence of the env gene.

Soybean DNA and ASIRE-gl DNA was digested, electrophoresed as described (see Fig.
20a), blotted and probed with an end-labelled ORF2 probe (env probe). This
autoradiogram shows the presence of bands in each case (soybean DNA plus the control
l..SIREgl DNA) that hybridized to the env probe.
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Figure 21a. AGE of digested soybean DNA from the strain Richland.

Lanes - b. BamHJ c. BamJJ d. EcoRJ e. Hpal f. Kpnl g. Sacl h. Pstl i. Xbal j. Sall k.

Hind!Il. Size markers (lanes a and I) are from a 1 kb ladder.

Figure 21b. Southern hybridization of the digest to detect presence of the env

gene. Soybean DNA was digested, electrophoresed as described (see Fig. 21a),
blotted and probed with an end-labelled ORF2 probe (env probe). This
autoradiogram shows the presence of bands in each case that hybridized to the env
probe.

•

(a)

abcdef9hiJkl

(b)

a bed e f 9 h
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CHAPTER IV
DISCUSSION

With the discovery of an env-like gene we report here the first isolation
and characterization of an endogenous proretrovirus from soybean. This is the
first retrovirus-like element to be discovered in plants. To date, retroviruses have
been characterized only in mammals and fruit flies (Kim et al., 1994; Schupbach,
1989; Tanda et al., 1994).
The major finding in this study is the presence of an additional ORF2 after the
Rnase H domain that encodes an envelope-like protein with features similar to those

found in retroviruses. This additional ORF is located in a position equivalent to the env
gene of retroviruses. The size of the putative gene product encoded by ORF2 and the
presence of several structural features commonly found in the env gene products of
retroviruses within this ORF provide strong evidence suggesting that SIRE-1 is more
retrovirus rather than retrotransposon-like.
The env region of retroviruses encodes two proteins, a large highly
glycosylated surface protein (SU) and a smaller membrane-spanning protein
called transmembrane protein (TM). The SU protein binds to host cell receptors
mediating virus entry and the TM protein is involved in mediating fusion between
the viral and host cell membranes. The two proteins are translated as a single
polypeptide with SU constituting the amino end and TM the carboxyl end. They
are both post-translationally glycosylated (Eickbush, 1994; Hunter &
Swannstrom, 1990; V armus & Brown, 1989 ). Although the sizes and the amino
acid compositions of the SU and TM proteins vary in different retroviruses and
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are poorly conserved, there is an overall structural similarity among the different
glycoproteins. The basic organization is characterized by three separate
hydrophobic regions: (1) a short stretch of hydrophobic amino acids at the Nterminus called the signal peptide, (2) a longer hydrophobic region called the
anchor sequence located at the C-terminus, and (3) a third hydrophobic domain
called the fusion peptide located at the N-terminus of the TM protein and Cterminal to a very small stretch of basic amino acids (Hunter & Swanstrom,
1990). ORF2 is characterized by the presence of these three hydrophobic regions
at the appropriate positions (Figure 15C).

(1) Hydrophobic signal peptide

The N-terminus of the SU protein ofretroviruses has a short stretch of
hydrophobic amino acids that plays a role in directing the nascent env gene
product into the secretory pathway of the infected cell. The env mRNA is
translated on membrane-bound polyribosomes. The nascent polypeptides get
introduced into the secretory pathway by an interaction between the signal
peptide, and a signal recognition particle which is a component of the cellular
transport machinery. This signal peptide is removed from the nascent env
product after translation by a host protease-mediated cleavage event (Hunter &
Swannstrom, 1990). As seen in Figure 15C there is a stretch of 17 amino acids
from aa 23 to 39 that are strongly apolar and could constitute a signal peptide
(Figure 22) {TMpred computer analysis, score= 863, only scores above 500 are
considered significant. The TMpred program predicts transmembrane regions
and their orientation. The algorithm is based on statistical analysis of TMbase, a
database of naturally occuring transmembrane proteins. The prediction is made
using a combination of several weight-matrices for scoring (Hofmann and Stoffel,
1993)}.
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Figure 22. TMpred -( prediction of transmembrane regions and orientation
program) graphic output for ORF2.
The X axis shows the amino acid number and the Y axis shows the membrane
character in the form of scores. Only peaks that score above 500 are considered to
be significant. There are three peaks that rise above the dotted line that appears at
score 0. Peak# 1 corresponds to aa 23 to 39 from ORF2 and has a score of 863,
peak# 2 corresponds to aa 466 to 485 from ORF2 and has a score of 475, and
peak# 3 corresponds to aa 511 to 531 from ORF2 and has a score of 839
(Hofmann and Stoffel, 1993).
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(2) Anchor Sequence
A stretch of hydrophobic amino acids that vary in length from 20 to 36 is located
near the C-terminus of retroviral TM proteins. This anchor sequence stops translocation
through the rough endoplasmic reticulum (RER) bilayer and anchors the molecule in the
membrane, causing it to span the lipid bilayer. The protein is oriented with its N-terminal
outside and its C-terminal in the cytoplasm (Hunter & Swannstrom, 1990). As seen in
Figure 15C there is a stretch of 21 amino acids from aa 511 to aa 531 that are strongly
hydrophobic located near the C-terminus of the TM protein which can form the
appropriately oriented helix (Figure 22) {TMpred computer analysis, score= 839, only
scores above 500 are considered significant. (Hofmann and Stoffel, 1993)}. This can
serve as a possible anchor sequence.

(3) Fusion peptide and cleavage activation site
The fusion peptide sequence comprises a short stretch of apolar amino acids and
is usually located at the N-terminus of the TM protein and at the C-terminus of a stretch
of three basic amino acids that serve as the cleavage activation site. The latter is the site
of cleavage of the precursor polyprotein into SU and TM proteins. The fusion peptide
mediates viral penetration of the host cell membrane after receptor binding (Hunter &
Swannstrom, 1990, Tanda et al., 1994). As seen in Figure 15C, starting at aa 441 there is
a stretch of basic amino acids, Lys-Lys-Gly-Lys, which conforms well to the consensus
cleavage sequence of retroviral envelopes. In most retroviruses, the sequences Arg-XLys-Arg serves as the cleavage activation site (Hunter & Swannstrom, 1990) but in
several other retroviruses, Lys is found instead of Arg. At the carboxyl end of these basic
amino acids there is a stretch of hydrophobic amino acids from aa 466 to aa 485 which
could serve as the fusion peptide sequence (Figure 22) {TMpred computer analysis, score
= 475, only scores above 500 are considered significant. Although this score is not above
500, it is very close to 500 (Hofmann and Stoffel, 1993)}.
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ORF2, coding for the env-like protein shows other structural features that are
typical of the envelope proteins of retroviruses. These include a pro line-rich domain,
several possible N-linked and 0-linked glycosylation sites, the presence of cysteine
residues, and a cytoplasmic domain located at the C-terminus of the TM protein with a
high content of hydrophilic amino acids.

(1) Proline-rich domain

The SU proteins of retroviruses have a pro line rich domain that forms a

P-

turn helix, important for receptor recognition and specificity. It also plays a

critical role as a target for neutralizing antibody responses (Battini et al., 1995;
Fontenot et al., 1994; Pinter & Honnen, 1988; Randhawa et al., 1995). The Nterminal of the translated env-like gene of SIRE-1 is rich in proline residues that
follow a conserved proline-X-X repeat motif as shown in Figure 15C. This motif
is repeated four times from aa 66 to aa 77. There is also another short stretch of
amino acids rich in pro line residues extending from aa 189 to aa 200 (42%
proline).

(2) N and 0-linked Glycosylation sites
N and 0-linked glycosylation sites are a conserved feature of retroviral env
proteins (Pinter & Honnen, 1988). Following cotranslational transfer into the
lumen of the RER, retroviral env gene products are modified by addition of
oligosaccharide side chains through N-linked glycosylation of asparagine residues
in the nascent polypeptide or via 0-glycosylation that occurs on regions
containing clusters of serine and threonine residues. Glycosylation facilitates
intracellular transport of the virus (Hunter & Swanstrom, 1990; Pinter & Honnen,
1988).
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N-glycosylation occurs at a conserved recognition sequence Asn-XSer/Thr (X can be any amino acid other than proline). There are three such Nglycosylation sites in the env-like region of SIRE-I (Figure 15C). The number
and distribution ofN-linked glycosylation sites among retroviruses varies
anywhere from four to thirty (Hunter & Swannstrom, 1990; Pinter & Honnen,
1988). The amino acid sequence of the env-like region of SIRE-I also has a high
serine and threonine content, found in clusters that could serve as potential 0linked glycosylation sites (Figure 15C). Studies on sequence characteristics of
regions surrounding 0-glycosylation sites have shown that proline is significantly
enriched in positions -1 and +3 and follow a pattern Pro-(Ser/Thr) or (Ser/Thr)Xaa-Xaa-Pro (Wilson et al., 1991). As seen in Figure 15C there are a total of 12
such sites that follow the above pattern.

(3) Presence of cysteine residues
As noted in Figure 15C, there are four cysteine residues between the C-terminus
of the SU protein and the N-terminus of the TM protein. These cysteine residues mediate
attachment between the SU and TM proteins via disulphide bonds (Tanda et al., 1994).

(4) Cytoplasmic domain
The env gene products of most retroviruses have a stretch of polar amino acids,
ranging from 22 to 38 aa long, that extend into the cytoplasm of the cell. This
cytoplasmic domain is located in the interior of the virion and possibly interacts with
capsid proteins during virion assembly. It also assists in directing the protein through the
processing machinery of the host cell (Hunter & Swannstrom, 1990, Schupbach, 1989).
This domain is located at the C-terminal end of the TM protein. As noted in Figure 15C,
amino acids 532 to 579 contain 54.2% polar amino acids.
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The various structural characteristics discussed above strongly point to
homologies that exist between the putative protein products of ORF2 ofthis 4.2 kb SIRE1-like insert and retroviral envelope proteins. ORF2 is also located in a position
equivalent to the env gene of retroviruses (Figure 19 and Figure 1). In addition, the
presence of the env-like gene within the soybean genome as shown in Figure 20 and 21
provides strong evidence that ORF2 might correspond to the env gene of retroviruses
making SIRE-I more retrovirus rather than retrotransposon-like.
The sizes and the amino acid sequences of the SU and TM proteins from different
retroviruses vary greatly. In the human immunodeficiency virus (HIV) the size of the SU
protein is 120 kD while the TM protein is 41 kD, in the murine leukemia virus (MuLV)
the size of the SU protein is 70 kD while the TM protein is 15 kD, and in the avian
sarcoma/leukosis virus the size of the SU protein is 85 kD while the TM protein is 37 kD
(Hunter & Swanstrom, 1990). Due to these differences in size, it was not surprising that
no statistically significant matches were found when BLASTP searches were run. But as
seen in Figure 16, the first 100 amino acids comprising the SU protein are very similar to
certain eukaryotic surface glycoproteins.
All retroviral env gene products have a secondary structure with a distribution of
a-helices and 13-sheets in the SU and TM proteins (Hunter & Swanstrom, 1990). A
computer analysis of the potential secondary structural features of proteins encoded by
ORF2 of the 4.2 kb insert shows the presence of several a-helices and 13-sheets that occur
at various positions within the SU and TM proteins (Figure 23) {(NNPREDICT computer
analysis. This program predicts the secondary structure type for each residue in an amino
acid sequence. The basis of the prediction is a two-layer, feed-forward neutral network
(Kneller et al., 1990; McClelland and Rumelhart, 1988)}. It was not feasible to compare
the secondary structure of ORF2 with the secondary structures of the ORF encoding the

env gene in retroviruses. This is because there is lack of conservation of sequences
within the -

83

Figure 23. NNPREDICT (prediction of secondary structure in amino acid sequence)
computer query output for ORF2.
The predicted type will be either: 'H', a helix element; 'E', a beta strand element; or'-', a
turn element. This output was obtained using the alpha/beta tertiary structure class of

protein for prediction (Kneller et al., 1990; McClelland and Rumelhart, 1988).
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Results of nnpredict query
Tertiary structure class: alpha/beta
Sequence orfl:
TLIARSLLGQNKFDRCFTRPSTFLIQTHIFVVISFSAFPNSSQRFTKPFQRLCFSMATSPKDTSSPGSPSVP
SSPSSTKAPSNQEQPEFHIQPIQMIPGLAPVPEKLVPIRQQGVKISENPSIATSPRELTREMDKKIRSIVSS
ILKNASVPDADKDVPTSSTPNAEVLSSSSKEESTEEEEQATEETPAPRAPEPAPGDLIDLEEVESDEEPIAN
KLAPGIAERLQSRKGKTPITRSGRIKTMAQKKSTPITPTTSRWSKVAIPSKKRKEFSSSDSDDDVELDVPDI
KRAKKSGKKVPGNVPDAPLDNISFHSIGNVERWKFVYQRRLALERELGRDALDCKEIMDLIKGC'tlTAENSHQ
VGRCYESLVREFIVNIPSDITNRKSDEYQKVFVRGKCVRFSPAVINKYLGRPTEGVVDIAVSEHQIAKEITA
KQVQHWPKKGKLSAGKLSVKYAILHRIGAANWVPTNHTSTVATGLGKFLYAVGTKSKFNFGKYIFDQTVKHS
ESFAVKLPIAFPTVLCGIMLSQHPNIL.i."niIDSVMKKESALSLHYKLFEGTHVPDIVSTSGKAAASGAVSKGC
FDCTQGHMQGAGSNHQSHHRKKNGAGTPDQKTLRQWH

Secondary structure prediction (H =he/fr, E =strand, - =no prediction):
--E---H----------------EE--EEEEEEE-----------H---HHHHE------------------------------------------------------------------------HHHHHHHHHHHEEEEEH----------------------HH----------HHHHH----------------------------H---

-----HHHHHH-------------HHHH---------------------------------------------HH----------------------------HHHHHHHHHHHHHHH-H-HH---HHHHHHH---HHHH---

---HHHHH-HHEEE-------------HHHEEE----E-------------------EEEEHHHHHHHHHHH
HHH--------H-----EEHEEEEEHH-------------HHHHHHHHHEH-------------H-HHHH-H-------------EE-EEE----------H-HHHHH-HHHHHHHE---------E-----H-H--------

-----------------------------HHHHHHH-
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env gene products of retroviruses. There is a short, 67 codon ORF that exists between
ORF2 and the first LTR start site (Figure 1SD). The LTRs in most retroviruses contain
signals for initiation and termination of transcription. Some retroviruses code for proteins
that act on the LTR and stimulate transcription. These proteins are called trans acting
transcriptional activators (tat) and are found in almost all human retroviruses. These
proteins are encoded by extra ORFs that are located between the env gene and the 3'LTR
(Schupbach, 1989, Renne et al., 1993). When the amino acids ofthis extra ORF (Figure
15D) were compared to others proteins in a BLASTP search, there were similarities with
several different transcription initiation factors and RNA binding proteins (Figure 18).
As shown in Figure 18, the protein encoded by the extra ORF also shows sequence
similarity to some proteins with nucleolar localization signals. This similarity lies in the
aspartic acid and glutamic acid residues which are generally associated with nuclear
targeting (Figure 18). Viral DNA has to enter the nucleus of the infected cell to gain
access to the host DNA. In the nucleus, the unintegrated viral particles exist in the form
of a nucleoprotein complex. These complexes probably enter the nucleus via some kind
of an active transport system used by the cellular proteins that are localized to the
nucleus. To date, only the integrase protein ofretroviruses are known to carry a signal
for nuclear localization and not much is known about how the viral DNA enters the
nucleus of the host cell (cited in Brown, 1990). There is a possibility that the extra ORF
that lies between the env-like gene and the 3'LTR encodes a protein that possibly plays a
role in the nuclear localization of the viral particle.
This study provides evidence that SIRE-I is capable of encoding an envelope
protein, but whether the envelope protein is actually produced, and expressed still
remains unanswered. Two sets of experiments would have to be performed to
demonstrate this. The first would involve RNA isolation and northern blot analysis. In
retroviruses, the protein encoded by env is translated from an ORF1-0RF3 spliced
mRNA (Schupbach, 1989). RNA extracted from soybean seeds should be hybridized
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with two different probes, one probe specific to the 3'end of the SIRE-I element
containing the env gene and the other specific to the central region of the element. If the
envelope region was being expressed, two different RNA fragments should hybridize
with the env probe (one fragment from the genome-sized mRNA that gives rise to the
gag-pol products and the other fragment from the subgenomic spliced mRNA which
encodes the env products), whereas only one RNA fragment should hybridize with the
probe specific to the central region. The second experiment is to generate antibodies
against the protein encoded by the env region and detect its presence by Western
hybridization (Tanda et al., 1994).
The basic structure of retroviruses is similar in many ways to retrotransposons.
Retroviruses are widespread only among vertebrates and fruit flies, whereas retrovirusrelated transposable elements (commonly referred as retrotransposons) are extremely
ubiquitous and the most widespread type of eukaryotic transposon (Grandbastien, 1992;
Kim et al., 1994; Flavell et al., 1992a). Retroviruses have three open reading frames
coding for the genes gag (ORFl), pol (ORF2), and env (ORF3) as opposed to only two
open reading frames coding for the gag and pol regions of retrotransposons (Kim et al.,
1994). Earlier studies in our lab, from a 2.4 kb SIRE-I-specific cDNA clone showed the
presence of ORFl that produced a gag- prot-like polyprotein, containing highly
conserved motifs found in retroelement nucleocapsids (CX2CX4HX4C) and aspartic
proteases (LDSG). The cDNA also contained nearly 200 bp of a putative 5'LTRjust
upstream of a tRNA primer-binding site (Bi & Laten, 1996). Until this study, SIRE-I
was considered to be a retroelement sharing features characteristic of both
retrotransposons and retroviruses. Since no retroviruses have been discovered in plants,
and due to only limited sequence information available from the 5'end of the element,
there was no reason to believe that SIRE-I was a retrovirus. However, the present study
which provides us with sequence information from the 3'end of the SIRE-I element has
changed this idea. The presence of an extra ORF2 encoding an env-like gene, the
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position of this ORF, the size of its putative gene product, and structural homologies to
the env gene products of other retroviruses strongly suggest that SIRE-I is a retrovirus.
As a retrovirus, SIRE- I has a very unique structural organization. As noted in
Figure 1, the Ty JIgypsy group of retrotransposons have a structural organization more
similar to retroviruses, than to the TyI/copia group. In the TyI!copia group, the integrase
domain is found upstream of the Rnase H domain whereas in the Ty3/gypsy group the
integrase domain is found downstream of the Rnase H domain (Figure 1) (Grandbastein,

1992). In the pSIRE-X-4.2 subclone, ORF2 coding for the env -like gene product lies at
the 3'end of ORFl coding for the Rnase H domain. Thus SIRE-I follows a more copialike rather than a Ty3/gypsy-like structural organization (Figure 24) making it a unique
retrovirus. It is highly unlikely that this copy of SIRE-I represents a rearranged form of
the element due to the very specific order of domains RnaseH -Env-LTR2 -3'. In earlier
studies in our lab, sequence comparisons of the prot domain of the 2.4 kb SIRE-I cDNA
clone had shown that SIRE-I was copia-like (Bi and Laten, 1996; Grassi & Laten,
unpublished). In this study, significant sequence homology between the Rnase H domain
of the copia element from Drosohila with that of pSIRE-X-4.2 (Figure 15B) provided
further evidence in support of this assignment.
Since retroviruses have been discovered only in vertebrates and fruit flies SIRE-I
is the first retrovirus-like element with an envelope-like ORF to be discovered in plants.
Also as discussed above, SIRE-I has a very unique structural organization similar to the
TyI/copia group ofretroelements. These two factors make the study of this retrovirus-

like element very significant from an evolutionary point of view. Retrovirologists have
always used the structure of retroviruses and the activity of the reverse transcriptase gene
to establish evolutionary relationships between retroviruses and retrotransposons (V armus
& Brown, 1989). Phylogenetic trees of retroelements based on the reverse transcriptase

sequence show that the Ty3/Gypsy group of retrotransposons is more related to
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Figure 24. Comparison of the genomic organization of SIRE-I with that of other LTR
retroelements.
LTR, long terminal repeat; Gag, group-specific antigen; Prot, protease; RT, reverse
transcriptase; RH, ribonucleaseH; INT, integrase. We do not have sequence information
from the integrase and the reverse transcriptase regions of SIRE-I and these regions are
shown with a (?).
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retroviruses than the Ty I /copia group ofretrotransposons (Figure 25) (Eickbush, 1994).
As seen in Figure 25, all the retroelements with a third ORF are more closely related to
the retroviruses and all fall within the Ty3/gypsy group. As a retrovirus, SIRE-I being
structurally more similar to the TyI/copia group rather than the Ty3/gypsy group of
retrotransposons (Grassi & Laten, unpublished) will require a new arm in the
phylogenetic tree of retroelements. This will effect the current rooting of the
retroelement tree (Figure 25).
Since SIRE-I is the first plant retrovirus, its discovery will also effect the current
ideas on the time of evolution and the origin of retroviruses. The exclusive location of
retroviruses in mammals and birds has been used to suggest that retroviruses in mammals
and avians evolved at about the time of the mammalian-avian divergence (Eickbush,
1994). Since the Ty3/gypsy group is located near the retrovirus branch (Figure 25), the
Ty3/gypsy group is also assumed to have arisen around the same time as the retroviruses.
However, since SIRE-I comes from plants, and, since we know that plants diverged from
animals a long time before mammals diverged from avians ,the time of evolution of
retroviruses will have to be more ancient than what it is assumed to be by Eickbush.
Possible discoveries of other retroviruses in plants and an adequate understanding of them
will help resolve this issue.
The mode of transmission of retroviruses operates via budding of virus particles
from the surface of an infected cell, followed by recognition of a new cell in the same or
different host. Viruses enter new cells by membrane fusion that requires recognition of
receptors on the host cell surface. This recognition and fusion is mediated by the virally
encoded proteins - SU and TM. Plants have cell walls which rules out membrane fusion
as a means of transmission for plant viruses. To date, most plant retroid viruses (retroid
viruses include retroviruses, hepadnaviruses, caulimoviruses and badnaviruses, the latter
three have a
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Figure 25. Unrooted phylogenetic tree ofretroelements.
The tree was derived from the amino acid sequences of the reverse transcriptase domain
encoded by each retroelement and contains all distinct retroelements, the reverse
transcriptase domain of which have been completely sequenced. The length of each
branch is directly proportional to the amount of sequence divergence that has occurred on
that branch. (Adapted from reference Eickbush, 1994).
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genome composed of DNA rather than RNA) are nonenveloped. Such nonenveloped
plant viruses have been known to use either specific gene products involved in cell-to-cell
spread, or insects vectors, such as aphids, for viral transmission (Rothnie et al., 1994).
There are very few plant viruses that are enveloped which include rhabdoviruses and
bunyaviruses. These enveloped plant viruses are also known to possess the ability to
infect animals. It is believed that in such cases, the envelope functions only in animal
cells but is not functionally significant in plants. From this study we do not have enough
knowledge about how SIRE-1 functions as a plant retrovirus or anything about its mode
of transmission. Based on the above information, we can only suggest that SIRE-I may
have originally been an yet undiscovered animal retrovirus - most likely an insect
retrovirus, that was horizontally transferred to soybean plants by aphids or other insects
that eat plants. On the other hand, it is also possible that SIRE-1 is a plant retrovirus that
shuttles between animals and plants, and that it functions as a retrovirus in animals and as
a retrotransposon in plants. It will be possible to clarify the above only when the viral
functions involved in transmission of SIRE-1 are identified.
SIRE-1 as the first pro-retrovirus-like plant element may have practical

agricultural applications. Since the first transgenic plants were generated, the area of
gene transfer to plants has been in great demand, especially in areas where gene
technology has been applied to the improvement of crop yields. Currently there are
several established methods for transferring genes to plants, which include
Agrobacterium-mediated gene transfer, biolistic techniques, direct gene transfer to

protoplasts, and microinjections. These techniques have limitations of their own, the
transformation frequencies are generally very low, and it is not always possible to
establish efficient gene transfer into all desired genotypes of all plant species using the
above (Potrykus, 1991). Recombinant retroviruses are also currently been used as useful
research tools to transfer genes to animal cells. Retroviral vectors are considered to be
very efficient tools for gene transfer which cause no harm as they enter their target cells,
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but using retroviruses as vectors is a fairly new field and there is still need for the
development of new, improved retroviral vectors to make further advances in gene
transfer. In majority of the cases, the viral DNA does not get incorporated into the host
genome and is therefore not expressed (Vile & Russell, 1995). SIRE-I could be used as a
valuable engineered soybean retroviral vector to transfer genes to plant legume systems
where most of the above mentioned gene transfer methods have been unsuccessful.
Multicopy amplification and systematic spread of engineered viruses could be used for
producing large quantities of genes and gene products. SIRE-I as a possible infectious
agent, fully capable of been integrated as a stable provirus in the genome, and the
presence of functional L TRs with promoter elements and enhancers could be used
towards the application of an engineered soybean retroviral construct. Currently a lot of
research work is focused on increasing soybean crop quality and yield due to its great
economic importance as a valuable food source. This can be a complete success only if
there are suitable vector systems that can promote development of fertile plants with
transgenic pollen or embryos. SIRE-I can be a very valuable source towards the
achievement of soybean transgenic technology.

SIRE-I is the first proretrovirus-like element to be discovered in plants.
Retrotransposons are ubiquitous in plants, but to date no retroviral genomes or virions
have been detected in plants. Due to the nature of this discovery, the study of SIRE-I is
very significant for both evolutionary biologists and for the agricultural industry. From
this study we have very strong evidence at the DNA sequence level for the presence of an
envelope-like gene but we have not isolated the virus yet. Currently experiments in the
lab are focused on characterizing a full length copy of SIRE-I and confirming the
presence of genomic and spliced mRNAs to investigate whether the env gene is expressed
or not. Long term goals in the lab include isolation of the real virus, studying its
expression and regulation, its mode of viral transmission and its ability to cause diseases
in both soybeans and other plants.
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